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TRANSACTIONS 

OF  THE 

AMERICAN  ELECTROCHEMICAL  SOCIETY 


PROCEEDINGS 

CONDENSED  minutes  OE  the  fourteenth  GENERAL  MEETING  oe 
THE  SOCIETY;  HELD  IN  NEW  YORK  CITY,  N.  Y., 

OCTOBER  3O-3I,  1908. 

(Number  of  members  registered,  123  ;  guests,  68;  total,  191.) 

SESSION  OF  OCTOBER  30th. 

The  morning  session  was  called  to  order  at  9.45  o’clock,  in  the 
Doremus  Lecture  Theatre  of  the  Chemistry  Building,  College  of 
the  City  of  New  York,  New  York  City,  President  E.  G.  Acheson 
in  the  Chair. 

Papers  by  A.  Harold  Porter  and  Francis  C.  Frary,  of  the 
University  of  Minnesota  (read  by  Jos.  W.  Richards)  ;  F.  P. 
Schoch,  of  the  University  of  Texas  (read  by  H.  F.  Patten)  ; 
G.  A.  Hulett,  of  Princeton  University ;  J.  F.  Mills,  of  the  Uni¬ 
versity  of  North  Carolina  (read  by  Jos.  W.  Richards)  ;  and  G. 
W.  Morden,  of  the  University  of  Toronto,  were  read  and 
discussed  as  printed  in  full  in  these  Transactions. 

During  the  morning  session,  President  John  H.  Finley,  of  the 
College  of  the  City  of  New  York,  was  introduced  to  the  Society 
by  Prof.  Charles  Baskerville,  and  spoke  in  part : 

“ Gentlemen  of  the  Society:  We  certainly  have  made  very  large 
provisions  for  the  science  of  chemistry  in  this  institution,  this 
institution  where  in  the  past  we  have  had  Wolcott  Gibbs,  and 
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Dr.  Dcremus,  ar>d  the  younger  Dr.  Doremus,  with  whom  I  spent 
many  hours  ip  the  discussion  of  the  early  plans  of  these  buildings 
and  these  laboratories,  and  of  Dr.  Baskerville,  Dr.  Moody  and  Dr. 
Friedburg,  and  that  splendid  body  of  younger  chemists  who  are 
associated  with  them.  After  we  began  work  on  this  institution, 
we  were  obliged  to  raise  the  building  in  which  we  now  are  up 
one  story,  but  it  is  still  a  distinct  part,  it  has  not  yet  dominated 
the  other  departments,  but  I  am  very  glad  to  call  your  attention 
to  the  fact  that  though  above  ground  it  is  quite  a  separate  build¬ 
ing,  there  is  a  subterranean  passage  connecting  the  department 
of  chemistry  with  all  the  other  departments — underneath  we  are 
all  one,  just  as  I  suppose  all  the  dominion  of  nature  is  a  varied 
expression  of  the  one  truth.  I  am  here  not  simply  to  welcome 
you  to  this  department  of  the  college  presided  over  by  Dr.  Basker¬ 
ville,  but  to  the  whole  college,  the  college  which  is  not  only  our  col¬ 
lege,  but  your  college  as  well,  the  college  of  all  who  dwell  within 
the  boundaries  of  Greater  New  York.  We  extend  you  a  most 
hearty  welcome  to  this  place,  and  we  hope  that  your  interest  will 
abide  in  this  institution,  which  is  to  be  for  this  city  what  no  other 
institution  can  be  in  its  way.  I  am  glad  you  are  here,  and  hope 
you  will  make  your  stay  as  long  as  circumstances  will  allow.” 
(Applause.) 

The  session  then  adjourned  to  the  Main  Building,  where  a 
luncheon  was  tendered  by  the  Staff  of  the  Department  of  Chem¬ 
istry. 

After  luncheon  a  twenty-minute  organ  recital  was  given 
the  Society  by  Prof.  Samuel  A.  Baldwin,  head  of  the  Department 
of  Music. 

The  meeting  was  again  called  to  order  at  2.05  P.  M.  by 
President  Acheson. 

Prof.  Albert  F.  Ganz  opened  a  general  discussion  on  the 
“Corrosion  of  Iron,”  participated  in  by  Messrs.  Cushman,  Toch, 
Gaines,  Roberts,  Bancroft,  Hering,  Sadtler  and  Sharp,  as  re¬ 
ported  in  full  in  the  Transactions.  Papers  were  read  by  A.  A. 
Knudson,  of  New  York;  W.  IT.  Walker,  of  Massachusetts 
Institute  of  Technology ;  W.  D.  Bancroft,  of  Cornell  University ; 
Maximilian  Toch,  of  New  York  City,  as  printed  with  discussion 
in  this  volume.  Prof.  Charles  Baskerville  described  the  con¬ 
struction  of  the  laboratory  in  which  the  meetings  were  held,  and 
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of  the  educational  system  in  use  in  the  same,  in  a  few  well-chosen 
words. 


SESSION  OF  OCTOBER  3 1st. 

This  session  was  called  to  order  at  9.35,  in  the  hall  of  the 
Chemists’  Club,  West  Fifty-fifth  Street,  New  York  City,  Presi¬ 
dent  Acheson  in  the  Chair. 

Papers  by  F.  A.  J.  FitzGerald,  Niagara  Falls;  W.  McA.  John¬ 
son,  Hartford;  Carl  Hering,  Philadelphia;  John  Meyer,  Phila¬ 
delphia  (read  by  C.  A.  Graves)  ;  E.  A.  Sperry,  Brooklyn,  were 
read  and  discussed  as  published  in  full  in  these  Transactions. 

The  Committee  of  the  Society,  appointed  to  consider  the 
'‘Conservation  of  our  National  Resources,”  through  its  Chairman, 
Mr.  Edward  R.  Taylor,  offered  the  following  resolutions,  which 
were  unanimously  adopted  by  the  Society : 

Whereas,  at  the  conference  of  Governors  which  convened  last  May 
at  the  White  House,  at  the  instance  of  President  Roosevelt,  to  consider 
the  question  of  the  conservation  of  our  national  resources,  the  necessity 
was  emphasized  of  a  closer  relationship  and  a  more  intelligent  co-operation 
among  the  unofficial  associations  which  have  an  interest,  in  one  way  or 
another,  in  the  conservation  movement ; 

And  Whereas,  in  line  with  the  sentiment  expressed  at  the  Governors 
Conference,  there  has  been  organized  the  Conservation  League  of  America, 
whose  officers  are  as  follows:  Theodore  Roosevelt,  honorary  president; 
William  J.  Bryan  and  William  H.  Taft,  honorary  vice-presidents;  Walter 
L.  Fisher,  president,  and  John  Mitchell  and  Gustav  H.  Schwab,  vice- 
presidents  ; 

And  Whereas,  the  Conservation  League  of  America  has  announced  the 
following  as  its  Statement  of  Principles ; 

Whereas,  it  is  of  the  utmost  importance  that  the  natural  resources  of 
the  nation  shall  be  comprehensively  and  vigorously  developed  and  utilized 
for  the  promotion  of  the  public  welfare,  without  waste,  destruction,  or 
needless  impairment,  and  subject  always  to  their  intelligent  conservation 
and  the  effective  preservation  of  the  rights  and  interests  of  the  future 
generations  of  our  people ; 

Now  Therefore,  to  secure  the  recognition  and  support  of  these  principles 
by  the  people  and  by  their  representatives,  we  hereby  unite  in  a  National 
Conservation  League,  and  adopt  for  ourselves  the  following,  taken  directly 
from  the  Declaration  unanimously  adopted  by  the  Conference  of  Gov¬ 
ernors,  convened  by  the  President  of  the  United  States,  in  the  White 
House,  at  “Washington,  on  May  13,  14  and  15,  1908: 

“We  do  hereby  declare  the  conviction  that  the  great  prosperity  of  our 
country  rests  upon  the  abundant  resources  of  the  land  chosen  by  our 
forefathers  for  their  homes,  and  where  they  laid  the  foundations  of  this 
great  nation. 


4 


PROCEEDINGS. 

*  *•' 

“We  look  upon  these  resources  as  a  heritage  to  be  made  use  of  in 
establishing  and  promoting  the  comfort,  prosperity  and  happiness  of  the 
American  people,  but  not  to  be  wasted,  deteriorated  or  needlessly  destroyed. 

“We  agree  that  our  country’s  future  is  involved  in  this;  that  the  great 
natural  resources  supply  the  material  basis  upon  which  our  civilization 
must  continue  to  depend  and  upon  which  the  perpetuity  of  the  nation 
itself  rests. 

“We  agree  that  this  material  basis  is  threatened  with  exhaustion. 

“We  agree  that  the  land  should  be  so  used  that  erosion  and  soil  wash 
shall  cease ;  and  that  there  shall  be  reclamation  of  arid  and  semi-arid 
region  by  means  of  irrigation,  and  of  swamp  and  overflowed  regions  by 
means  of  drainage ;  that  the  waters  shall  be  so  conserved  and  used  as  to 
promote  navigation  to  enable  the  arid  regions  to  be  reclaimed  by  irriga¬ 
tion,  and  to  develop  power  in  the  interests  of  the  people ;  that  the  forests 
which  regulate  our  rivers,  support  our  industries,  and  promote  the  fertility 
and  productiveness  of  the  soil  should  be  preserved  and  perpetuated ;  that 
the  minerals  found  so  abundantly  beneath  the  surface  should  be  so  used 
as  to  prolong  their  utility ;  that  the  beauty,  healthfulness  and  habitability 
of  our  country  should  be  preserved  and  increased ;  that  sources  of  national 
wealth  exist  for  the  benefit  of  the  people,  and  that  monopoly  thereof 
should  not  be  tolerated. 

“We  declare  our  firm  conviction  that  this  conservation  of  our  natural 
resources  is  a  subject  of  transcendent  importance,  which  should  engage 
unremittingly  the  attention  of  the  nation,  the  States,  and  the  people  in 
earnest  co-operation. 

“We  agree  that  this  co-operation  should  find  expression  in  suitable 
action  by  the  Congress  and  by  the  Legislatures  of  the  several  States. 

“Let  us  conserve  the  foundations  of  our  prosperity.” 

And  Whereas,  the  political  and  industrial  non-partisanship  of  the 
Conservation  League  of  America  is  insured  by  the  Statement  of  Princi¬ 
ples,  the  representative  character  of  its  officers,  and  especially  by  the  broad 
scope  of  its  membership  of  unofficial  organizations  vitally  concerned  with 
every  phase  of  the  Conservation  movement;  therefore, 

Be  It  Resolved,  by  the  American  Electrochemical  Society,  in  conven¬ 
tion  assembled,  that  we  express  our  unqualified  approval  of  the  objects 
and  purposes  of  the  Conservation  League  of  America,  and  pledge  it  our 
active  support  in  the  patriotic  and  unselfish  work  it  has  undertaken. 

And  be  it  Further  Resolved,  that  our  Secretary  be  instructed  to  send 
a  copy  of  these  resolutions  to  the  Conservation  League  of  America,  with 
the  request  that  the  League  advise  us  what,  if  anything,  this  organization 
can  do  to  assist  in  this  important  work. 

Mr.  Gifford  Pinchot, 

President  Conservation  Commission: 

The  American  Electrochemical  Society,  feeling  deep  interest  in  the 
conservation  of  all  the  resources  of  our  country,  and  being  gratified  that 
so  important  a  work  is  under  your  direction,  respectfully  suggests : 


proceedings. 


5 


That  the  excellent  work  determined  upon  by  the  Forestry  Department 
be  thoroughly  supplemented  by  water  storage  in  natural  and  artificial 
lakes  and  reservoirs,  according  to  Bulletins  143  and  144,  for  diminishing 
of  floods,  and  the  increase  of  water  power  and  navigation. 

We  specifically  recommend  the  acquirement  by  the  General  Government 
of  the  Appalachian,  Adirondacks  and  White  Mountains  Head  Waters 
for  the  above  purposes. 

We  deprecate  such  development  of  forests  that  shall  leave  them  in  a 
wild  state  under  such  restrictions  as  that  shall  forbid  their  use  for 
timber,  etc.,  as  it  becomes  ripe  and  in  best  condition  for  use. 

We  also  deprecate  such  restrictions  in  forest  reserves  concerning  the 
enlargement  of  lake  and  the  creation  of  artificial  reservoirs  as  are  neces¬ 
sary  for  the  best  and  largest  possible  conservation  of  water  for .  the 
purposes  of  power,  restriction  of  floods  and  the  highest  development  of 
navigation  in  our  rivers  and  canals. 

We  deprecate  the  construction  of  a  barge  canal  through  the  great  State 
of  New  York  that  makes  no  provision  for  the  development  of  water 
power  in  this  electrical  age,  not  even  for  the  haulage  of  the  boats  to  be" 
operated  thereon.  And  we  urge  the  General  Government  to  investigate 
and,  if  found  practicable,  take  in  hand  the  construction  of  a  navigation 
and  power  canal  that  shall  meet  the  great  needs  of  the  commerce  of  the 
great  and  growing  West.  And  that  shall  develop  the  manufacturing  in¬ 
terests  dependent  upon  cheap  water  power  combined  with  cheap  water 
transportation  commensurate  with  the  magnificent  resources  involved. 

We  respectfully  urge  the  co-ordination  and  harmonious  development 
of  all  of  our  resources,  recognizing  that  no  one  department  has  ail 
there  is  of  good,  but  that  each  should  supplement  the  other  for  the  best 
good  of  our  whole  people. 

We  respectfully  urge  a  broad  view  of  the  great  value  the  higher  and 
cheaper  lands  of  the  water-sheds  previously  referred  to  have  in  their 
reservoir,  storage  capacity  to  hold  back  floods  from  the  comparatively 
speaking,  millions  of  acres  of  lands  at  lower  levels  now  annually  inundated. 

Resolved,  that  in  the  important  functions  you  have  undertaken  we 
accord  to  you  our  most  hearty  support  and,  so  far  as  we  be  able, 
assistance. 

Resolved ,  that  a  copy  of  these  resolutions  be  forwarded  to  the  Con¬ 
servation  Commission  by  the  Secretary  of  our  Society. 

Respectfully  Submitted. 

E.  R.  Taylor, 

C.  A.  Doremus, 

W.  D.  Bancroft. 


On  motion  of  Mr.  Carl  Hering,  a  vote  of  thanks  was  ordered 
conveyed  to  The  College  of  the  City  of  New  York;  the  Staff 
of  the  Department  of  Chemistry  of  the  College  of  the  City  of 
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New  York;  The  Chemists’  Club;  The  Balbach  Smelting  Works; 
the  Local  Committee  of  the  Society;  for  their  interest  and  aid 
in  making  successful  the  Fourteenth  General  Meeting  of  the 
Society. 
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BROWN,  W.  G.,  B.S.,  Ph.D.  (Apr.  3,  ’02)  Prof,  of  Chem.,  Univ.  of  Missouri, 
Columbia,  Mo. 

BROWNE,  David  H.  (Apr.  3,  ’02)  Metallurgist,  Canadian  Copper  Co.,  Copper 
Cliff,  Ont.,  Can. 

BROWNE,  Wm.  Hand,  Jr.  (Apr.  3,  ’02)  North  Carolina  College  of  Agriculture 
and  Mechanic  Arts,  West  Releigh,  N.  C. 

BUCH,  N.  W.  (Nov.  6,  ’03)  Inst,  in  Met.,  Lehigh  Univ.,  Bethlehem,  Pa. 

BUCHANAN,  Leonr^d  B.  (Apr.  3,  ’02)  Stone  &  Webster,  84  State  St.,  Boston, 
IMLstss 

BUCK,  H.  W.  (May  7,  ’04)  49  Wall  St.,  New  York  City. 

BUCK,  Leon  H.  (Feb.  2,  ’06)  Nat.  Analine  Chem.  Co.,  110  W.  64th  St.,  New 
York  City. 

BUCKLEY,  Hubert  (June  3,  ’05)  R.  F.  D.  Hatboro,  Pa. 

BURGESS,  Prof.  C.  F.  (Apr.  3,  ’02)  Engineering  Bldg.,  Univ.  of  Wisconsin,. 
Madison,  Wis. 

BURLING,  B.  B.  (Jan.  5,  ’07)  Electrochemist,  Waukegan,  Ill. 

BURNS,  Willis  T.  (Nov.  6,  ’03)  in  charge  of  Electrolytic  Refinery,  Boston  and 
Mont.  Cons.  Cop.  and  S.  Min.  Co.,  Great  Falls,  Mont. 

BURWELL,  Arthur  W.,  Ph.D.  (Nov.  5,  ’04)  P.  O.  Box  1193,  Helena,  Montana. 

BUTTERS,  Chas.  (July  1,  ’05)  333  Kearny  St.,  San  Francisco,  Cal. 

BYRNES,  Eugene  A.,  Ph.D.  (Apr.  3,  ’02)  Patent  Lawyer,  918  F  St.,  N.  W. ;  res., 
2539  13th  St.,  Washington,  D-  C. 

CALBERLA,  Roland  (Nov.  26,  ’07)  Electrochem.  Eng.,  72  W.  68th  St.,  New 
York  City. 

CALDWELL,  Edw.  (Apr.  3,  ’03)  239  W.  39th  St.,  New  York;  res.,  50  Westervelt 
Ave.,  Plainfield,  N.  J. 

CAMERON,  Frank  K.,  Ph.D.  (Oct.  7,  ’05)  Chem.  in  charge  of  Phys.  and  Chem. 
Investigation,  Bureau  of  Soils,  U.  S.  Dept,  of  Agr.,  Washington,  D.  C. 

CAMERON,  Walter  S.  (Apr.  3,  ’02)  239  W.  136th  St.,  New  York. 

CAPP,  J.  A.  (Sept.  4,  ’02)  Chief  of  Testing  Laboratory,  Gen.  Elec.  Co.,  Schenec- 
•  tady,  N.  Y. 

CARHART,  Henry  S.,  LL.D.  (Apr.  3,  ’02)  Univ.  of  Mich.,  Ann  Arbor,  Mich. 

CARLSON,  BIRGER  (Nov.  5,  ’04)  Chemist,  Electrochem.  Works  of  Stockholm, 
Superfosfat  Aktiebolag  of  Stockholm,  Sweden,  Mansbo,  Avesta,  Sweden. 

CARMICHAEL,  Dr.  Henry  (Feb.  5,  ’04)  15  Exchange  St.,  Boston,  Mass. 

CARRIER,  C.  F.  (Mar.  5,  ’03)  Warner  Chem.  Co.,  Cartaret,  N.  J. 

CARSE,  David  B.  (Mar.  4,  *05)  Member  Advisory  Committee,  United  States 
Steel  Corporation,  165  Broadway,  New  York. 

CARVETH,  H.  R.,  Ph.D.  (Apr.  3,  ’02)  Works  Mgr.,  Niagara  Electrochemical  Co., 
Niagara  Falls,  N.  Y. ;  res.,  118  Buffalo  Ave. 

CARY,  Edward  E.  (Sept.  26,  '08)  Pres.  Edward  E.  Cary  Co.,  5961  Barclay  St.,. 
New  York  City. 

CASE,  Willard  E.  (Oct.  2,  ’02)  Metropolitan  Club,  5th  Ave.  and  60th  St.,  New 
York  City. 

CASSELBERRY,  Harry  (June  29,  ’07)  2214  7th  Ave.,  Altoona,  Pa. 

CATANI,  Remo  (Aug.  31,  ’07)  Electrical  Engineer,  Societe  “Elba,’’  Porto  Ferraio, 
Elba,  Italy. 

CATLIN,  Chas.  A.  (Nov.  6,  ’03)  Chemist,  Rumford  Chem.  Works,  133  Hope  St., 
Providence,  R.  I. 

CHANDLER,  Dr.  C.  F.  (Jan.  8,  ’03)  Prof,  of  Chem.,  Columbia  Univ.,  New  York. 

CHIARAVIGLIO,  Dino  (Apr.  3,  ’02)  Corso  Vittorio  Emanuelo  94,  Turin,  Italy. 

CHILDS,  D.  H.  (Apr.  3,  ’02)  Alfred  Univ.,  Alfred,  N.  Y. 

CHORPENING,  G.  B.  (Apr.  2,  ’04)  Elec.  Eng.,  Clarksburg,  W.  Va. 

CITO,  Camilo  C.  (Sept.  26,  ’08)  Supt.  Glorieux  Smelt.  &  Ref.  Co.,  Irvington,  N.  J.. 

CLAFLIN,  Alan  A.  (Sept.  4,  ’03)  Pres.  Avery  Chem.  Co.,  7  Sears  St.,  Boston, 
Mass. 

CLAMER,  G.  H.  (Apr.  3,  ’02)  Ajax  Metal  Co.,  Frankford  Ave.  and  Richmond' 
St.,  Philadelphia,  Pa. 

CLAPP,  E.  H.  (Sept.  4,  ’03)  Vice-Pres.  Penobscot  Chem.  Fibre  Co.,  49  Federal  St.; 
res.,  490  Beacon  St.,  Boston,  Mass. 

CLARK,  Friend  E.,  Ph.D.  (Apr.  3,  ’02)  Prof,  of  Chem.,  Central  Univ.  of  Kentucky, 
Danville,  Ky. 

CLARK,  Walter  G.  (Sept.  28,  ’07)  Pres.  Parker-Clark  Electric  Co.,  135  Broadway, 
New  York  City. 

CLARK,  Wm.  J.  (  Apr.  3,  ’02)  Genl.  Mgr.  Foreign  Dept.,  Genl.  Elec.  Co.,  44  Broad 
St.,  New  York  City 

CLEAVES,  Dr.  Margaret  A.  (Mar.  5,  ’04)  Physician  in  active  practice,  616 
Madison  Ave.,  New  York  City 

CLYMER,  W.  R.  (May  30,  ’08)  Supt.,  National  Carbon  Co.;  res.,  1426  West  107th- 
St.,  Cleveland,  Ohio. 

COGGESHALL,  G.  W.  (Apr.  3,  ’02)  17  Chestnut  St.,  Dedham,  Mass. 
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COHO,  H.  B.  (Apr.  3,  ’02)  26  Cortlandt  St.,  New  York  City. 

COIT,  Charles  W.  (Apr.  3,  ’02)  520  Culver  Road,  Rochester,  N.  Y. 

COLBY,  Ed.  A.  (Apr.  3,  ’02)  Baker  Platinum  Works,  Newark,  N.  J. 

COLCORD,  Frank  F.  (Oct.  7,  ’05)  Chemist,  U.  S.  Metals  Ref.  Co.,  Chrome,  N.  J. 

COLLENS,  C.  L.,  2d  (Apr.  3,  ’02)  Pres.  Lincoln  Motor  Works  Co.,  Room  721, 
Caxton  Bldg.;  res.,  1933  E.  71st  St.,  Cleveland,  Ohio. 

COMSTOCK,  Louis  K.  (Sept.  26,  ’08)  L.  K.  Comstock  &  Co.,  195  Fernwood  Ave., 
Upper  Montclair,  N.  J. 

CONGER,  R.  T.  (Sept.  4,  ’03)  Chemist,  Chicago  Edison  Co.,  Chicago,  Ill. 

CONVERSE,  Vernon  G.  (Oct.  29,  ’08)  Eng.  in  charge,  Ontario  Power  Co.;  P.  O. 
Box  3,  Niagara  Falls,  N.  Y. 

CORNELIUS,  Erik  (Oct.  29,  ’08)  Mgr.  Zinc  Works  of  A.  B.  Saxeberget, 
Trollhattan,  Sweden. 

CORSON,  Wm.  R.  C.  (Sept.  4,  ’03)  Consult.  Eng.,  36  Pearl  St.,  Hartford,  Conn. 

COWLES,  Alfred  H.  (Apr.  3,  ’02)  361  The  Arcade;  res.,  656  Prospect  St.,  Cleve¬ 
land,  Ohio. 

COWPER-COLES,  S.  (Oct.  10,  ’03)  Grosvenor  Mansions,  Victoria  St.,  London,  Eng. 

COX,  G.  E.  (Apr.  3,  ’02)  Supt.  Union  Carbide  Works;  res.,  315  Buffalo  Ave., 
Niagara  Falls,  N.  Y. 

CREIGH,  Edric  C.  (Sept.  26,  ’08)  “Old  Bank  Club,”  Old  Trafford,  Manchester, 
Eng. 

CREIGHTON,  Elmer  E.  F.  (Apr.  3,  ’02)  South  College,  Union  College,  Sche¬ 
nectady,  N.  Y. 

CRIDER,  J.  S.  (May  9,  ’03)  Sec.  National  Carbon  Co.,  Lock  Drawer  “L,”  Cleve¬ 
land,  Ohio. 

CROCKER,  Dr.  F.  B.  (Nov.  6,  ’02)  Prof,  of  Elec.  Eng.,  Columbia  Univ. ;  res.,  14 
W.  45th  St.,  New  York. 

CRUMBIE,  Wm.  D.  (Nov.  26,  ’07)  Chemist,  U.  S.  Appraiser’s  Dept.,  New  York 
City;  res.,  146  .Washington  St.,  E.  Orange,  N.  J. 

CUSHMAN,  Allerton  S.  (June  1,  ’07)  Chemist,  U.  S.  Dept.  Agriculture;  res., 
1751  N  St.,  Washington,  D.  C. 

DAPPLES,  Alfred  (Oct.  29,  ’08)  Bussi-Afficienne,  Aguila,  Italy. 

DAVIES,  M.  L.  (Sept.  4,  ’03)  Sec.  and  Treas.  The  North  Amer.  Chem.  Co.,  Bay 
City,  Mich. 

DAVIS,  D.  L.  (Aug.  7,  ’020  Supt.  The  Salem  Elec.  L.  and  P.  Co.;  res.,  299  Lincoln 
Ave.,  Salem,  Ohio. 

DAVIS,  Wm.  H.  (Sept.  17,  ’03)  Metallurgist  and  Mill  Supt.,  Idaho  Gold  Coin  M. 
and  M.  Co.;  res.,  1720  Spruce  St.,  Boulder,  Col. 

DECKER,  Frank  A.  (Oct.  6,  ’06)  Gen.  Mgr.  Decker  Elec.  Mfg.‘  Co.,  2011  Bellevue 
St.;  res.,  1702  Ontario  St.,  Philadelphia,  Pa. 

DEEDS,  E.  A.  (Nov.  6,  ’02)  Asst.  Gen.  Mgr.  National  Cash  Register  Co.,  319 
Central  Ave.,  Dayton,  Ohio. 

DEISSLER,  Robert  (Nov.  26,  ’07)  Civil  Eng.  and  Patent  Attorney,  with  A.  Kuhnt 
and  R.  Deissler,  108  Gitschinerstrasse,  Berlin,  Germany. 

DeNEUFVILLE,  Dr.  R.  (Feb.  5,  ’03)  Junghofstrasse  14,  Frankfurt  a|M,  Germany. 

DENNIS,  Prof.  L.  M.  (Sept.  4,  ’03)  Cornell  Univ.,  Ithaca,  N.  Y. 

DENNISON,  C.  H.  (Feb.  6,  ’04)  Chemist,  Revere  Rubber  Co.,  8%  John  St., 
Chelsea,  Mass. 

DEVEREUX,  Washington  (Jan.  6,  ’06)  Inspector,  Phila.  Fire  Underwriters’ 

Association,  1625  N.  29th  St.,  Philadelphia,  Pa. 

DEVLIN,  S.  B.  (Jan.  8,  ’03)  Chief  Asst,  and  Dir.  of  Lab.  of  Dr.  Paget,  156  W. 
13th  St.;  res.,  359  Seventh  Ave.,  New  York  City. 

DEWEY,  F.  P.  (Apr.  2,  ’04)  Assayer  to  the  Mint  Bureau,  Lanier  Heights, 
Washington,  D.  C. 

DICKINSON,  William  N.,  Jr.  (Sept.  26,  ’08)  Mgr.  Foreign  Dept.,  Otis  Elevator 
Co.,  17  Battery  Place,  New  York  City. 

DODGE,  Norman  (Apr.  3,  ’02)  Mergenthaler  Linotype  Co.,  Tribune  Bldg.,  New 
York. 

DOERFL1NGER,  Wm.  F.  (July  3,  ’02)  Consult.  Eng.,  52  Beaver  St.,  New  York 
City. 

DOOLITTLE,  C.  E.-(May  9,  ’03)  Mgr.  and  Elec.  Eng.,  The  Roaring  Fork  Elec. 
Light  and  Power  Co.,  Aspen,  Col. 

DOREMUS,  Dr.  Chas.  A.  (Apr.  3,  ’02)  55  W.  53d  St.,  New  York. 

DORNEY,  James  J.  (Sept.  26,  ’08)  West  El.  &  Mfg.  Co.,  605  Bank  of  Commerce 
Bldg.,  St.  Louis,  Mo. 

DOTY,  Ernest  L.  (Sept.  26,  ’08)  Dist.  Eng.,  Westinghouse  El.  &  Mfg.  Co.,  784 
Ellicott  Square,  Buffalo,  N.  Y. 

DOW,  Herbert  H.  (Apr.  3,  ’02)  Midland,  Mich. 

DRAEGER,  A.  Bernhard  (Nov.  26,  ’07)  Draeger  Werke,  Lubeck,  Germany. 

DRAKE,  Francis  E.  (June  6,  ’03)  Representative  La  Societe  Anonyme  Westing- 
house,  45  Rue  de  l’Arcade,  Paris,  France.  > 

DREYFUS,  Dr.  Wm.  (Dec.  4,  ’02)  Chem.  and  Mgr  West  Disinfecting  Co.,  57 
E.  96th  St.,  New  York. 

DROBEGG,  Dr.  Gustave  (Jan.  8,  ’03)  11  Bartlett  St.,  Brooklyn,  N.  Y. ;  New  York 
office,  81  Maiden  Lane. 

DRYER,  Ervin  (Sept.  4,  ’03)  Salesman  and  Eng.,  W.  E.  and  Mfg.  Co.;  res.,  26 
Ogden  Ave.,  Chicago,  Ill. 
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DUDLEY,  Dr.  C.  B.  (May  9,  ’03)  Chem.  Pa.  R.  R.  Co.,  Drawer  156,  Altoona,  Pa. 

DUDLEY,  Prof.  Wm.  L.  (Jan.  8,  ’04)  Prof,  of  Chemistry,  Vanderbilt  Univ., 
Nashville,  Tenn. 

DuFAUR,  B.  (June  1,  ’07)  Assayer,  Mt.  Morgan,  Queensland,  Australia. 

DUNCAN,  Dr.  Louis  (Sept.  4,  ’03)  Consult.  Elec.  Eng.,  56  Pine  St.,  New  York. 

DUNCAN,  Thos.  (Nov.  6,  ’03)  Vice-Pres.  and  Gen.  Mgr.,  Duncan  Elec.  Mfg.  Co., 
317  S.  6th  St.,  La  Fayette,  Ind. 

DUNLAP,  Orrin  E.  (July  31,  ’08)  Sect’y  Int.  Acheson  Graphite  Co.,  Niagara 
Falls,  N.  Y. 

DURANT,  Edw.  (Apr.  3,  ’02)  115  E.  26th  St.,  New  York. 

EASTERBROOKS,  F.  D.  (Apr.  3,  ’02)  101  Barnum  Ave.,  Bridgeport,  Conn. 

EDGE,  Dexter  (Oct.  29,  ’08)  Eng.  Apprentice,  West.  El.  &  Mfg.  Co.;  res.,  429 
Rebecca  Ave.,  Wilkinsburg,  Pa. 

EDISON,  Thos.  A.  (Apr.  4,  ’03)  Orange,  N.  J. 

EDMANDS,  I.  R.  (Aug.  7,  ’02)  Union  Carbide  Co.,  79  Wall  St.,  New  York  City. 

EDSTROM,  J.  Sigfrid  (Nov.  5,  ’04)  Managing  Dir.,  General  Electric  Co.  of 
Sweden,  Vesteras,  Sweden. 

EGLIN,  Wm.  C.  L.  (July  1,  ’04)  Elec.  Eng.,  235  S.  42d  St.,  Philadelphia,  Pa. 

EIMER,  A.  (Dec.  4,  ’02)  Eimer  &  Amend,  205-211  Third  Ave.,  New  York. 

ELLIOTT,  A.  H.  (Apr.  3,  ’02)  Cons.  Gas  Co.,  4  Irving  Place,  New  York. 

ELY,  Theodore  N.  (Apr.  3,  ’02)  P.  R.  R.  Co.,  Chief  of  Motive  Power,  Broad  St. 
Station,  Philadelphia,  Pa. 

EMANUEL,  Louis  V.  (Oct.  17,  ’07)  Metallurgist,  Amer.  Smelt,  and  Ref.  Co.;  res., 
55  Rector  St.,  Perth  Amboy,  N.  J. 

EMERY,  A.  L.  (Apr.  3,  ’02)  Smith,  Emery  &  Co.,  Chem.  and  Met.  Engs.,  Howard 
and  Hawthorne  Sts.,  San  Francisco,  Cal. 

EMERY,  W.  L.  (Sept.  26,  ’08)  Foreman  of  Meter  Dept.,  Utah  Lt.  &  Ry.  Co.;  res., 
830  Emeril  St.,  Salt  Lake  City,  Utah. 

EMRICH,  H.  PI.  (May  7,  ’04)  Supt.  copper  refinery,  Perth  Amboy  plant,  A.  S.  & 
R.  Co.,  Maurer,  N.  J.;  res.,  142  Water  St.,  Perth  Amboy,  N.  J. 

ENGELHARDT,  Victor  (Dec.  4,  ’02)  Charlottenburg,  Schlossstrasse  11.  2,  Germany. 

ENGLE,  Horace  M.  (Aug.  31,  ’07)  The  Southern  Development  Co.,  Terry  Bldg., 
Roanoke,  Va. 

ERHART,  W.  H.  (Dec.  27,  ’07)  11  Bartlett  St.,  Brooklyn,  N.  Y. 

EVANS,  H.  S.  (Apr.  3,  ’02)  Prof.  Elec.  Eng.,  Univ.  of  -Col.,  Boulder,  Col. 

EVANS,  J.  W.  (Apr.  3,  ’02)  Civil  and  Min.  Eng.,  Cobalt,  Ont.,  Can. 

EWIN,  Jas.  L.  (Nov.  6,  ’02)  Patent  Solicitor,  900  F  St.,  N.  W.,  Washington,  D.  C. 

EWING,  A.  J.  (Apr.  2,  ’04)  Electrical  Expert,  Narborough  Hill,  near  Leicester, 
England. 

FAHRIG,  Ernst  (Sept.  4,  ’03)  1017-18  Betz  Bldg.,  Philadelphia,  Pa. 

FALDING,  F.  J.  (Apr.  3,  ’02)  Consult.  Eng.,  55  Broadway,  New  York. 

FERNBERGER,  H.  M.  (Jan.  8,  ’04)  Chemist,  1939  N.  12th  St.,  Philadelphia,  Pa. 

FICHTER,  Dr.  Fritz  (Nov.  26,  ’07)  Prof,  of  Organic  Chem.,  Univ.  of  Basel;  res., 
24  Marschalkenstrasse,  Basel,  Switzerland. 

FINK,  Dr.  Colin  G.  (Nov.  26,  ’07)  Research  Chemist,  General  Electric  Co.,  P.  O. 
Box  719,  Schenectady,  N.  Y. 

FITTS,  •  Clarence  D.  (Sept.  26,  ’08)  Chem.  &  Elect,  for  The  Oakville  Co.,  P.  O. 
Box  90,  Oakville,  Conn. 

FIT'Z  GERALD,  C.  M.  (May  30,  ’08)  The  Evening  Sun,  170  Nassau  St.,  New  York 
City. 

FITZGERALD,  F.  A.  J.  (Apr.  3,  ’02)  FitzGerald  &  Bennie  Laboratories,  Niagara 
Falls,  N.  Y. 

FITZGIBBON,  R.  (Apr.  3,  ’02)  534  Canal  St.,  New  York. 

FLEMING,  R.  (Apr.  3,  ’02)  148  Elmwood  Road,  Swampscott,  Mass. 

FLIESS,  Robert  A.  (Sept.  4,  ’02)  21  S.  Clinton  St.,  E.  Orange,  N.  J. 

FOERSTERLING,  Dr.  Hans  (Apr.  3,  ’02)  Roessler  &  Hasslacher  Chem.  Co.,  Perth 
Amboy,  N.  J. 

FOREGGER,  Richard  von  Ph.D.  (Sept.  2,  ’05)  care  of  Roessler  &  Hasslacher 
Chem.  Co.,  100  William  St.;  res.,  48  E.  87th  St.,  New  York. 

FORSSELL,  J.  (June  1,  ’07)  Chemist,  National  Carbon  Co.;  res.,  1304  West  112th 
St.,  Cleveland,  O. 

FOSTER,  Charles  E.  (July  31,  ’08)  Mgr.  Cambridge  Dept.,  Taylor  Inst.  Co., 
Ames  St.,  Rochester,  N.  Y. 

FOSTER,  Oscar  R.  (Apr.  30,  ’08)  Chem.  De  La  Vergne  Mach.  Co.,  549  Monroe  St., 
Brooklyn,  N.  Y. 

FOWLER,  R.  E.  (Nov.  6,  ’03)  Chemist,  The  National  Electrolytic  Co.,  Niagara 
Falls,  N.  Y. 

FOWLER,  Samuel  S.  (Apr.  3,  ’02)  Min.  Eng.,  P.  O.  Drawer  1024,  Nelson,  B.  C. 

FRALEY,  Jos.  C.  (Apr.  3,  ’02)  Attorney-at-Law,  1815  Land  Title  Bldg.;  res., 
1833  Pine  St.,  Philadelphia,  Pa. 

FRANKFORTER,  Prof.  G.  B.  (Apr.  3,  ’02)  Univ.  of  Minnesota,  Minneapolis,  Minn. 

FRANKLIN,  Prof.  W.  S.  (Mar.  4,  ’05)  Professor  of  Physics,  Lehigh  Univ.,  South 
Bethlehem,  Pa. 

FRARY,  Francis  C.  (Aug.  31,  ’07)  Instructor  in  Chemistry,  Univ.  of  Minnesota, 
Minneapolis,  Minn. 

FRASCH,  Hans  A.  (May  9,  ’03)  Consult.  Chem.  Eng.,  52  Broadway,  New  York. 
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FRAZIER,  Robt.  T.  (Sept.  4,  '02)  918  F  St.,  N.  W. ;  res.,  3016  13th  St.,  Wash¬ 
ington,  D.  C. 

FREE,  Edward  E.  (Apr.  7,  ’06)  Chemist,  Bureau  of  Soils,  Dept,  of  Agriculture, 
Washington,  D.  C. 

FREEDMAN,  Prof.  W.  H.  (Apr.  3,  ’02)  Prof,  of  Elec.  Eng.,  Univ.  of  Vermont; 
res.,  100  S.  Union  St.,  Burlington,  Vt. 

FRENZEL,  A.  B.  (May  9,  ’03)  Proprietor  of  mines  containing  rare  minerals, 
512  Equitable  Bldg.,  Denver,  Col. 

FRIES,  Harold  H.,  Ph.D.  (May  1,  ’06)  92  Reade  St.,  New  York. 

FRITCHLE,  Oliver  P.  (Sept.  4,  ’02)  Chemist,  1453  Clarkson  St.,  Denver,  Col. 

FRODSHAIN,  Harold  (Nov.  21,  ’08)  Research  Chemist,  Gen.  El.  Co.,  P.  O.  Box 
842,  Schenectady,  N.  Y. 

GABRIEL,  Geo.  A.  (April  3,  '02)  432  Westminster  Road,  Brooklyn,  N.  Y. 

GAHL,  Dr.  Rudolph  (June  6,  ’03)  Hotel  Morenci,  Morenci,  Arizona. 

GAINES,  Richard  H.  (Oct.  17,  ’07)  New  York  Board  of  Water  Supply,  147  Varick 
St.,  New  York  City. 

GALL,  Henry  (Apr.  2,  ’04)  Societe  de  Electrochimie,  2  Rue  Blanche,  Paris, 
France. 

GANDILLON,  Ami  (Jan.  8,  ’04)  Case  6219,  Bourg  de  Four,  Geneva,  Switzerland. 

GARFIELD,  A.  S.  (Mar.  7,  ’03)  67  Ave.  de  Malakoff,  Paris  XVI,  Arrond,  France. 

GEER,  Wm.  C.  (Nov.  26,  ’07)  Chief  Chemist,  B.  F.  Goodrich  Co.;  res.,  218  Park 
St.,  Akron,  Ohio. 

GERRY,  M.  H.,  Jr.  (Apr.  3,  ’02)  Gen.  Mgr.  and  Chief  Eng.  Missouri  River  Power 
Co.,  Helena,  Mont. 

GIBBS,  Arthur  E.  (Oct.  2,  '02)  Mfg.  Chemist,  Wyandotte,  Mich. 

GIBBS,  W.  T.  (Apr.  3,  ’02)  Director,  The  Electric  Reduction  Co.,  Ltd.,  Bucking¬ 
ham,  Quebec,  Canada. 

GIFFORD,  Wm.  E.  (Apr.  3,  ’02)  408  N.  J.  R.  R.  Ave.,  Newark,  N.  J. 

GILCHRIST,  Peter  S.  (Apr.  3,  ’02)  Chem.  Eng.,  Charlotte,  N.  C. 

GILES,  Delos  C.  (Oct.  17,  ’07)  Grover,  Bradford  Co.,  Pa. 

GILES,  Irvin  K.  (May  1,  ’06)  Niagara  Electrochem.  Co.,  Niagara  Falls,  N.  Y. 

GIN,  Gustave  (Dec.  4,  ’03)  Ingenieur  Electrometallurgiste,  149  Rue  de  Rome, 
Paris  (XVII),  France. 

GIOLITTI,  Federico,  Ph.D.  (Oct.  17,  ’07)  Prof,  of  Metallurgy,  Univ.  of  Rome; 
res.,  Via  Palestro  35,  Rome,  Italy. 

GIRDWOOD,  Kennet  J.  (Nov.  21,  ’08)  Apartado  34,  El  Oro,  Mexico. 

GLADSON,  Prof.  W.  N.  (Apr.  3,  ’02)  Elec.  Eng.  Dept.  Univ.  of  Arkansas,  120 
W.  Maple  St.,  Fayetteville,  Ark. 

GLENCK,  1.  A.  H.  (Oct.  10,  ’03)  Consult.  Eng.,  Gallus  Anlage  I,  Frankford  a|M, 
Germany. 

GODDARD,  Chris.  M.  (Apr.  3,  ’02)  Nat.  Board  of  Fire  Underwriters,  141  Milk  St., 
Boston;  res.,  1008  Beacon  St.,  Newton  Centre,  Mass. 

GOEPEL,  Carl  P.  (Nov.  4,  ’05)  Patent-counsel,  Goepel  &  Goepel,  290  Broadway; 
res.,  2350  7th  Ave.,  New  York. 

GOLDSCHMIDT,  Dr.  Hans  (Nov.  6,  ’03)  Chem.  Mfr.,  Essen-Ruhr,  Germany. 

GOODRICH,  C.  C.  (Apr.  3,  ’02)  Llewellyn  Park,  Orange,  N.  J. 

GOODWIN,  H.  M.,  Ph.D.  (Apr.  3,  ’02)  Mass.  Inst,  of  Tech.,  Boston,  Mass. 

GOODWIN,  Jos.  H.  (Jan.  6,  ’06)  Chemist,  Western  Electric  Co.,  185  N.  16th  St., 
E.  Orange,  N.  J. 

GOODWIN,  W.  L!,  D.Sc.  (Apr.  3,  ’02)  Director,  School  of  Mining,  Kingston,  Ont., 

CctricLCicL 

GORDON,  Prof.  C.  McC.  (Apr.  3,  ’02)  Central  Univ.  of  Ky.,  Danville,  Ky. 

GOVERS,  Francis  X.  (Nov.  5,  ’04)  Pres.  By-Products  Co.;  res.,  250  Main  St., 
Owego,  N.  Y. 

GRANBERY,  J.  H.  (Apr.  3,  ’02)  Eng.,  Buel  &  Mitchell,  120  Liberty  St.,  New  York, 

GRAVES,  Carleton  A.  (Sept.  26,  ’08)  Power  Eng.,  360  Pearl  St.,  Brooklyn,  N.  Y. 

GRAVES,  Walter  G.  (Mar.  5.  ’03)  Supt.  Grasselli  Chem.  Co.;  res.,  1950  E.  90th  St., 
Cleveland,  Ohio. 

GREENE,  Albert  E.  (Aug.  31,  ’07)  Ill.  Steel  Co.;  res.,  5752  Washington  ave., 
Chicago,  Ill. 

GRIFFIN,  Martin  L.  (Oct.  1,  ’04)  The  Emerson  Lab.,  177  State  St.,  Springfield, 
Mass. 

GROSVENOR,  Dr.  Wm.  M.  (June  1,  ’07)  Chemical  Engineer,  1123  Broadway, 
New  York. 

GROWER  Geo.  G.  (Nov.  5,  ’04)  Coe  Brass  Mfg.  Co.;  res.,  48  Cottage  Ave., 
.Ansonia,  Conn. 

GUERBER,  Arnold  J.  (July  31,  ’08)  Metallurgist,  Kline  Hardware  Co.;  res.,  223 
N.  Fourth  St.,  Allentown,  Pa. 

GUESS,  Geo.  A.  (Aug.  5,  ’05)  Metallurgist,  Tennessee  Copper  Co.,  Copper  Hill, 
Tenn. 

GUTTMANN,  Dr.  Leo  Frank  (Oct.  29,  ’08)  Inst,  in  Physical  Chemistry,  College 
City  of  New  York,  New  York  City. 

GUYE,  Prof.  Philippe  A.  (Dec.  4,  ’02)  3  Chemin  des  Cottages,  florissant,  Geneve, 
Switzerland. 

HAANEL,  Dr.  Eugene  (July  31,  ’07)  Director  of  Mines,  Dept,  of  Mines,  Ottawa, 
Can. 

HAAS,  Herbert  (May  7,  ’04)  320  Market  St.,  San  Francisco,  Cal. 
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HABER,  Prof.  Dr.  F.  (Nov.  6,  ’02)  Technische  Hochschule,  Karlsruhe  in  Baden, 
Germany;  res.,  Moltke  Str.  31. 

HADFIELD,  R.  A.  (July  6,  ’06)  Manag.  Dir.  Hadfield  Steel  Fdy.  Co.,  Ltd,  Park- 
head  House,  Sheffield,  England. 

HADLEY,  A.  N.  (Apr.  3,  ’02)  Box  33,  Indianapolis,  Ind. 

HAFF,  Max  M.  (Aug.  7,  ’03)  Research  Electrochemist,  care  of  Laboratory,  18S 
Metcalfe  St.,  Ottawa,  Canada. 

HAGGOTT,  Ernest  A.  (Apr.  3,  ’02)  Engineer  of  Mines,  2525  Powell  St.,  Los 
Angeles,  Cal. 

HALL,  C-has.  M.  (Apr.  3,  ’02)  Aluminum  Co.  of  America,  Niagara  Falls,  N.  Y. 

HALL,  Samuel  F.  (Apr.  16,  ’03)  Supt.,  Norton  Co.,  Niagara  Falls,  N.  Y. 

HALLETT,  Lucius  F.  (Sept.  26,  ’08)  900  Logan  Ave.,  Denver,  Col. 

HAMBUECHEN,  Carl.  E.  E.  (Apr.  3,  ’02)  Electrochemist,  Madison,  Wis. 

HAMMER,  Wm.  J.  (Aug.  7,  ’03)  Consult.  Elec.  Eng.,  26  Cortlandt  St..,  and  153 
W.  46th  St.,  New  York. 

HAMMOND,  John  F.  (June  1,  ’07)  Designer  of  Electrical  Apparatus,  S.  S.  White 
Dental  Mfg.  Co.,  Prince  Bay,  S.  I.,  New  York. 

HANKS,  M.  W.  (Sept.  4,  ’03)  Engineer,  De  Pere,  Wis. 

HARPER,  Dr.  H.  W.  (Apr.  3,  ’02)  Univ.  of  Texas,  Austin,  Texas. 

HARPER,  John  L.  (Apr.  6,  ’07)  Chief  Eng.  Niagara  Falls  Hydr.  Power  and  Mfg. 
Co.;  res.,  148  Buffalo  Ave.,  Niagara  Falls,  N.  Y. 

HARRINGTON,  Dr.  E.  I.  (Apr.  3,  ’02)  84  Ashburton  Ave.,  Yonkers,  N.  Y. 

HARRIS,  J.  W.  (Apr.  3,  ’02)  U.  S.  Patent  Office,  Washington,  D.  C. 

HARRIS,  Jonathan  W.  (Sept.  26,  ’08)  Research  Chemist,  Western  El.  Co.,  463 
West  St.,  New  York  City. 

HARRIS,  W.  D.  (Apr.  3,  ’02)  3611  Sansom  St.,  Philadelphia,  Pa. 

HART,  Ed.,  Ph.D.  (Aug.  7,  ’02)  Prof,  of  Chem.,  Lafayette  College,  Easton,  Pa. 

HARTLEY,  Robt.  H.  (Dec.  27,  ’07)  Chemist,  Hartley  Bldg.,  Fourth  Ave.  and 
Smithfield  Sts.,  Pittsburgh,  Pa. 

HARVEY,  E.  F.  (Apr.  3,  ’02)  St.  John’s,  Newfoundland. 

HASKELL,  F.  W.  (Apr.  3,  ’02)  Pres.  Carborundum  Co.,  Niagara  Falls,  N.  Y. 

HASLWANTER,  Chas.  (April  3,  ’02)  447  Spruce  St.,  Richmond  Hill,  L.  I.,  N.  Y. 

HASSLACHER,  Jacob  (Nov.  26,  ’07)  Pres.  Roessler  &  Hasslacher  Chem.  Co., 
100  William  St.;  P.  O.  Box  1999,  New  York  City. 

HATTER,  Clarence  P.  (July  1,  ’05)  Electrochem.  Eng.,  American  Carbolite  Co., 
West  Duluth,  Minn. 

HATZEL,  J.  C.  (Apr.  3,  ’02)  571  Fifth  Ave.;  res.,  89  W.  119th  St.,  New  York. 

HAUG,  Arthur  (Dec.  2,  ’05)  Chemist,  Fleischmann  Mfg.  Co.;  res.,  1710  Main  St., 
Peekskill,  N.  Y. 

HAUSER,  S.  T.  (Mar.  25,  ’08)  Sect’y  Missouri  River  Power  Co.,  Helena,  Mont. 

HAYES,  Clifton  R.  (Sept.  26,  ’08)  Supt.  El.  Dept.,  Fitchburg  Gas  &  El.  Lt.  Co., 
Fitchburg,  Mass. 

HEATH,  H.  E.  (Apr.  3,  ’02)  Engineer,  Gen.  Elec.  Co.;  res.,  99  Laighton  St., 
Lynn,  Mass. 

HEDLUND,  Marten  (Apr.  1,  ’05)  Gullspangs  Elektrochemishe  Aktenbolog, 

Gullspang,  Sweden. 

HEITMANN,  Edward  (Sept.  26,  ’08)  El.  Eng.,  Crocker  Wheeler  Co.,  Ampere,  N.  .T. 

HEIZMANN,  J.  J.  (Oct.  29,  ’08)  Asst.  Treas.  and  Chief  Eng.,  Penn  Hardware 
Co.,;  res..  318  N.  Fifth  St.,  Reading,  Pa. 

HEMINGWAY,  Frank  (Nov.  26,  ’07)  Mfg.  Chemist,  with  Hemingway  &  Co.,  133 
Front  St.,  New  York;  res.,  131  Grove  St.,  Montclair,  N.  J. 

HENDRY,  W.  Ferris  (Nov.  26,  ’07)  Western  El.  Co.,  463  West  St.,  New  York  City. 

HENNING,  Clarence  I.  B.  (May  7,  ’04)  care  E.  I.  duPont  de  Nemours  Powder  Co., 
Haskell,  N.  J. 

HERAEUS,  Heinrich  (Nov.  6,  ’03)  Hanau,  Germany. 

HERING,  Carl  (Apr.  3,  ’02)  Consult.  Eng.,  929  Chestnut  St.,  Philadelphia,  Pa. 

HEROULT,  Dr.  Ing.  P.  L.  T.  (Jan.  8,  ’04)  The  Ansonia,  73d  St.-  and  Broadway, 
New  York. 

HERZOG,  F.  Benedict,  Ph.D.  (Apr.  3,  ’02)  Herzog  Teleseme  Co.,  51  W.  24th  St., 
New  York. 

HIBBARD,  Henry  D.  (May  30,  ’08)  Consult.  Eng.,  144  E.  Seventh  St.,  Plainfield, 
N.  J. 

HIGGINS,  Aldus  C.  (Sept.  4,  ’02)  Norton  Co.,  Worcester,  Mass. 

HIGGINS,  Francis  W.  (Feb.  5,  ’03)  Deutsche  Carborundum  Werke,  Dusselldorf- 
Reisholz,  Germany. 

HILL,  S.  T.  H.  (Feb.  2,  *07)  Electrochemist  of  the  Helena  and  Livingstone 
Smelting  and  Reduction  Co.;  res.,  810  Benton  Ave.,  Helena,  Mont. 

HILLIARD,  John  D.  (Sept.  26,  ’08)  El.  Eng.,  Hudson  River  El.  P.  Co.;  res.,  103 
Columbia  St.,  Albany,  N.  Y. 

HIORTH,  Frederick  V.  L.  (Dec.  26,  ’07)  Electrochem.  Eng.,  Josefinegade  19,  I, 
Christiania,  Norway. 

HIRSCH,  Alcan  (June  29,  ’07)  911  W.  Johnson  St.,  Madison,  Wis. 

HIRSCHLAND,  Franz  H.,  Dr.  Ing.  (Dec.  27,  ’07)  Mgr.  Goldschmidt  Chem.  Co., 
60  Wall  St.,  New  York  City. 

HITCHCOCK,  Fanny  R.  M.  (May  1,  ’06)  4038  Walnut  St.,  Philadelphia,  Pa. 

HITCHCOCK,  Prof.  G.  G.  (July  1,  ’04)  Prof,  of  Physics,  Pomona  College, 

Claremont,  Cal. 
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HITCHCOCK,  Halbert  K.  (Oct.  2,  ’02)  Experimental  Eng.,  Tarentum,  Pa. 

HITE,  B.  H.  (Apr.  4,  ’03)  W.  Va.  Exp.  Station,  Morgantown,  W.  Va. 

HOBBLE,  Arthur  C.  (Nov.  6,  ’03)  Elec.  Eng.,  Sivassamudram,  Mysore  Province, 
South  India. 

HOBBS,  Perry  L.,  Ph.D.  (Apr.  3,  ’02)  Cowell  Port.  Cement  Co.,  Baypoint,  Cal. 

HOFFMAN,  Ottokar  (Apr.  3,  ’02)  2110  Troost  Ave.,  Kansas  City,  Mo. 

HOLLAND,  Walter  E.  (Aug.  5,  ’05)  Foreman,  Exp.  Testing  Dept.,  Edison  Storage 
Bat.  Co.;  res.,  211  Arlington  Ave.,  E.  Orange,  N.  J. 

HOLTON,  Fred.  A.  (Apr.  2,  ’04)  Chemist  in  Patent  Causes,  620  F  St.,  N.  W., 
Washington,  D.  C. 

HONEY,  Wm.  (May  1,  ’07)  Engineer  in  charge  Gen.  Station  Tequisquiapan, 
Queretaro,  Mexico. 

HORRY,  Wm.  S.  (Feb.  5,  ’03)  Cons.  Lake  Sup.  Power  Co.,  Niagara  Falls,  N.  Y. 

HOSKINS,  Wm.  (Apr.  3,  ’02)  81  S.  Clark-  St.,  Chicago;  res.,  La  Grange,  Ill. 

HOUGH,  Arthur  (May  1,  ’06)  The  Detonite  Explosives,  Ltd.,  459  St.  Paul  St., 
Montreal,  Canada. 

HOWARD,  Geo.  M.  (Apr.  3,  ’02)  Elec.  Stor.  Bat.  Co.,  19th  St.  and  Allegheny  Ave., 
Philadelphia,  Pa. 

HOWARD,  Henry  (Apr.  3,  ’02)  36  Amory  St.,  Brookline,  Mass. 

HOWARD,  Prof.  S.  F.  (Apr.  3,  ’02)  Dept,  of  Chem.,  Mass.  Agricultural  College; 
res.,  10  Allen  St.,  Amherst,  Mass. 

HOWE,  Henry  M.,  A.M.  (Aug.  7,  ’02)  McClean  Road,  Bedford  Station,  New  York. 

HOWELL,  Wilson  S.  (Sept.  4,  ’03)  80th  St.  and  East  End  Ave.,  New  York. 

HUDSON,  Arthur  J.  (Nov.  26,  ’07)  Patent  Attorney,  with  Bates,  Fonts  &  Hull, 
Society  for  Savings  Bldg.,  Cleveland,  Ohio. 

HULETT,  Geo.  A.  (Apr.  2,  ’04)  2  Murray  Place,  Princeton,  N.  J. 

HUNT,  A.  M.  (Apr.  3,  ’02)  Consult.  Eng.,  Union  Trust  Bldg.,  San  Francisco,  Cal. 

HURLBURT,  Wilbur  F.  (Dec.  27,  ’07)  Amer.  Electric  Furnace  Co.,  45  Wall  St., 
New  York  City;  res.,  192  Roseville  Ave.,  Newark,  N.  J. 

HUTCHINGS,  James  T.  (Sept.  26,  ’08)  Asst.  Gen.  Mgr.,  Rochester  Ry.  <fe  Lt.  Co., 
Rochester,  N.  Y. 

HUTCHINSON,  E.  J.  (Apr.  3,  ’02)  Vice-Pres.  Taylor  Chem.  Co.,  1245  E.  3d  St., 
Cincinnati,  Ohio. 

HUTTON,  R.  S.,  D.Sc.  (Apr.  3,  ’02)  West  Street,  Scheffield,  England. 

HYDE,  Edward  P.  (Oct.  29,  '08)  Director,  Physical  Lab.,  National  El.  Lamp. 
Assoc.,  Cleveland,  O. 

IHLDER,  John  D.  (April  3,  ’02)  Elec.  Eng.,  17  Battery  Place,  New  York  City. 

INGALLS,  Walter  R.  (June  29,  ’07)  94  Bement  Ave.,  West  New  Brighton,  S.  I., 
N.  Y. 

IRGENS,  Johann  F.  (.Jan.  28,  ’08)  El.  Eng.  and  Mgr.,  Technisk  Bureau,  Ltd., 
Walkendorffsgade  12,  Bergen,  Norway. 

IRVINE,  H.  A.  (April  3,  ’02)  Oriell  Cottage,  Leven,  Fife,  Scotland. 

ISAACS,  A.  S.  (Apr.  3,  ’02)  404  Smithfield  St.,  Pittsburgh,  Pa. 

ISAKOVICS,  Alois  von  (Apr.  3,  ’02)  Proprietor  Synfleur  Scientific  Laboratories, 
Monticello,  N.  Y. 

JACKSON,  Prof.  Dugald  C.  (Apr.  3,  ’02)  Mass.  Inst.  Tech.,  Boston,  Mass. 

JAMES,  Dr.  J.  H.  (Apr.  3,  ’02)  Chem  Dept.,  Carnegie  Technical  School,  Pitts¬ 
burgh,  Pa. 

JENKS,  W.  J.  (Apr.  3,  ’02)  120  Broadway,  New  York. 

JENNISON,  Herbert  C.  (Feb.  28,  ’08)  Test.  Lab.,  Coe  Brass  Mfg.  Co.,  Box  313, 
Ansonia,  Conn. 

JEPPSON,  Geo.  N.  (Sept.  4,  ’02)  Norton  Co.,  Worcester,  Mass. 

JOHNSON,  Arden  R.  (June  2,  ’06)  244  E.  Webster  Ave.,  Chicago,  111. 

JOHNSON,  Prof.  Otis  C.  (Nov.  6,  ’03)  730  Thayer  St.,  Ann  Arbor,  Mich. 

JOHNSON,  Woolsey  McA.  (Apr.  3,  ’02)  69  Vernon  St.,  Hartford,  Conn. 

JOHNSTON,  Wm.  A.  (Oct.  10,  ’03)  Supt.  of  Mfg.,  S.  S.  White  Dental  Mfg.  Co., 
Prince  Bay,  S.  I.,  N.  Y. 

JONES,  L.  J.  W.  (Apr.  3,  ’02)  c|o  Secretary. 

JOYCE,  Clarence  M.  (May  1,  ’06)  Chem.,  The  Arlington  Co.,  Box  23,  Arlington, 
N.  J. 

KAHLENBERG,  Louis,  Ph.D.  (Apr.  3,  ’02)  234  Lathrop  St.;  Prof,  of  Phys.  Chem., 
Univ.  of  Wisconsin,  Madison,  Wis. 

KAHN,  Dr.  Julius  (May  1,  ’06)  161  Lafayette  St.,  New  York. 

KEBBE,  George  M.  (July  31,  ’08)  Asst.  Gen.  Agt.,  Edison  Ill.  Co.,  360  Pearl  St., 
Brooklyn,  N.  Y. 

KEITH,  Dr.  N.  S.  (April  3,  ’02)  350  Bullitt  Bldg.,  Philadelphia,  Pa. 

KELLER,  Ed.  (Apr.  3,  ’02)  Anaconda  Laboratory,  Perth  Amboy,  N.  J. 

KELLY,  Dr.  John  F.  (Apr.  3,  ’02)  Stanley  Elec.  Mfg.  Co.;  res.,  284  W.  Housatonic 
St.,  Pittsfield,  Mass. 

KENAN,  Wm.  R.,  Jr.  (Apr.  3,  ’02)  242  Genessee  St.,  Lockport,  N.  Y. 

KENDALL,  George  R.  (Jan.  28,  ’08)  Lecturer  in  Chem.,  McGill  Univ.  College; 
res.,  1629  Comox  St.,  Vancouver,  B.  C.,  Canada. 

KENNEDY,  J.  J.  (May  9,  ’03)  Engineer,  52  Broadway,  New  York. 

KENNELLY,  Dr.  Arthur  E.  (Nov.  6,  ’02)  Prof,  of  Elec.  Eng.,  Pierce  Hall,  Harvard 
University,  Cambridge,  Mass. 

KENT,  Jas.  M.  (Sept.  4,  ’03)  Teacher  of  Applied  Steam  and  Electricity,  Manual 
Training  High  School,  2726  Holmes  St.,  Kansas  City,  Mo. 
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KENYON,  Wm.  H.  (Apr.  3,  ’02)  49  Wall  St.,  New  York. 

KERN,  Ed.  F.  (Apr.  4,  ’03)  care  of  Dept,  of  Metallurgy,  Columbia  Univ.,  New' 
York. 

KERR,  Chas.  H.  (Mar.  2,  ’07)  70  W.  10th  Ave.,  Columbus,  Ohio. 

KIER,  Samuel  M.  (Oct.  29,  ’08)  Pres.  Kier  Firebrick  Co.,  341  Sixth  Ave.,  Pitts¬ 
burgh,  Pa. 

KING,  Robert  O.  (Apr.  7,  ’04)  Elec.  Eng.,  220  Bryant  St.,  N.  Tonawanda,  N.  Y. 

KISHI,  Keijiro  (Nov.  21,  ’08)  Chief  Eng.,  El.  Dept.,  Shibaura  Eng.  Wks.,  No.  L 
Shinhanacho,  Kanasugi,  Shibaku,  Tokyo,  Japan. 

KITSEE,  Dr.  Isador  (Apr.  3,  ’02)  306  Stock  Exchange  Place,  Philadelphia,  Pa. 

KJELLIN,  F.  A.  (Feb.  4,  ’05)  Engineer  for  Elec.  Melting,  Metallurgiska  Patent 
Aktiebolag,  Stockholm.  Sweden;  res.,  Sturegatan  56,  Stockholm,  Sweden. 

KLIPSTEIN,  Ernest  C.  (Apr.  3,  ’02)  122  Pearl  St.,  P.  O.  Box  2833,  New  York; 
res.,  116  Prospect  St.,  East  Orange}  N.  J. 

KLUGH,  B.  G.  (April  7,  ’06)  Alice  Furnace,  Sharpsville,  Pa. 

KNAPP,  Geo.  O.  (Nov.  6,  ’02)  Vice-Pres.  Union  Carbide  Co.,  157  Michigan  Ave., 
Chicago,  Ill. 

KNEY,  Otto  (Sept.  26,  ’08)  Adv.  Mgr.,  Northern  El.  Co.,  Box  413,  Madison,  Wis- 

KNORR,  Aug.  E.  (Apr.  4,  ’03)  Research  Chemist,  U.  S.  Metals  Ref.  Co.,  Chrome; 
res.,  120  Chilton  St.,  Elizabeth,  N.  J. 

KNUDSON,  A.  A.,  E.E.  (Nov.  6,  ’02)  50  Pine  St.,  New  York;  res.,  758  Putnam 
Ave.,  Brooklyn,  N.  Y. 

KOEHLER,  Wm.  (Nov.  5,  ’04)  Consult.  Electrochem.  Eng.,  4706  Superior  St., 
Cleveland,  Ohio. 

KOHLER,  Hy.  L.  (Aug.  31,  ’07)  Chemist,  Scullion  Galliher  Iron  and  Steel  Co.; 
res.,  3333A  Nebraska  Ave.,  St.  Louis,  Mo. 

KOWALKE,  O.  L.  (Aug.  3,  ’06)  Asst,  in  Applied  Chem.  and  Research  Work, 
Chem.  Eng.  Bldg.,  Madison,  Wis. 

KRAKAU,  Prof.  Alexander  (Nov.  26,  ’07)  Prof,  of  Chemistry  and  Electrochem., 
Electrochemical  Inst.,  Pesotchnaya  5,  St.  Petersburg,  Russia. 

KREMERS,  John  G.  (July  31,  ’07)  Genl.  Supt.  Wisconsin  Sugar  Co.,  Menominee 
Falls;  res.,  554  Fourth  St.,  Milwaukee,  Wis. 

KUGELGEN,  Franz  von  (May  7,  ’04)  Chief  Chemist,  The  Va.  Electrolytic  Co., 
Holcomb’s  Rock,  Va. 

KUNZ,  Geo.  F.,  Ph.D.  (Sept.  28,  ’07)  Gem  Expert,  Tiffany  &  Co.,  401  Fifth  Ave., 
New  York  City. 

KYLE,  T.  D.  (Apr.  3,  ’02)  106  E.  5th  St.,  Leadville,  Col. 

LACROIX,  Henry  (Mar.  3,  ’06)  Eng.,  Usine.  de  Degrossissage  d’or,  Geneve, 

Switzerland. 

LAFORE,  J.  A.  (Apr.  3,  ’02)  121  S.  11th  St.,  Philadelphia,  Pa.;  res.,  Bala,  Pa. 

LAMB,  Arthur  B.  (Dec.  27,  ’07)  Associate  Prof,  of  Chem.,  New  York  Univ.,  Univ. 
Heights,  New  York  City. 

LANDIS,  Walter  S.  (Dec.  4,  ’02)  Met.E.,  M.S.,  Asst.  Prof,  of  Metallurgy,  Lehigh 
Univ.;  res.,  211  S.  New  St.,  Bethlehem,  Pa. 

LANDOLT,  Dr.  Hans  (Feb.  5,  ’03)  Turgi,  Switzerland. 

LANGBEIN,  Dr  Georg  (Nov.  26,  ’07)  Kgl.  Saech.  Hofrath,  Mgr.  Langbein-Pfan- 
#  Werke,  A.  G.,  Leipzig,  Germany. 

LANGLEY,  John  W.,  Ph.D.  (Apr.  3,  ’02)  2037  Geddes  Ave.,  Ann  Arbor,  Mich. 

LANGMUIR,  Irving  (June  29,  ’07)  Instructor  in  Chemistry,  Stevens  Institute, 
Hoboken,  N.  J. 

LANGTON,  John  (Apr.  3,  ’02)  Consulting  Eng.,  99  John  St.,  New  York. 

LARCHAR,  Arthur  B.  (Apr.  3,  ’02)  Penobscot  Chem.  Fibre  Co.,  Great  Works,  Me. 

LATHROP,  L.  H.  (Sept.  26,  ’08)  Supt.,  El.  Test,  Bureau,  Milwaukee  El.  Ry.  &  Lt.. 
Co.;  Res.,  203  Ogden  Ave.,  Milwaukee,  Wis. 

LAVINO,  Edward  J.  (Nov.  26,  ’07)  E.  J.  Lavino  &  Co.,  Importers  of  Ferro-Alloys, 
Bullitt  Bldg.,  Philadelphia,  Pa. 

LEATHART,  Jas.  G.  (Aug.  5,  ’05)  Lead  Mfr.,  Locke  Blackett  &  Co.,  Ltd.,  New¬ 
castle-upon-Tyne;  res.,  155  Helen’s  Terrace,  Loav  Fell  Co.,  Durham,  England. 

Le  BLANC,  Prof.  Dr.  Max  (Mar.  4,  '05)  Physikalisch-chemisches-Institut  der 
Universitat.  Leipzig,  Germany. 

LE  BOUTILLIER,  Clement  (July  31,  ’08)  Chem.  and  Met.,  Taylor  Iron  &  Steel 
Co.,  High  Bridge,  N.  J. 

LEE,  F.  V.  T.  (Apr.  3,  ’02)  59th  and  College  Ave.,  Oakland,  Cal.,  assistant  to 
President  Pacific  Gas  and  Elec.  Co.,  San  Francisco,  Cal. 

LEE,  Harry  R.  (Dec.  2,  ’05)  Holcomb’s  Rock,  Va. 

LE  MARE,  Ernest  B.  (Sept.  4,  ’03)  c|o  Pilkington  Bros.,  Ltd.,  St.  Helens,  Lan¬ 
cashire,  England. 

LEWIS,  Henry  F.  (June  3,  ’05)  1103  Temple  Bldg.,  Toronto,  Can. 

LEWIS,  JOHN  B.  (Sept  27.  ’07)  Student,  Univ.  of  Texas,  Box  39,  Univ.  Station, 
Austin,  Texas. 

LICHTHARDT,  G.  (Apr.  3,  ’02)  18th  and  M  Sts.,  Box  510,  Sacramento,  Cal. 

LIDBURY,  F.  Austin  (Aug.  7,  ’03)  Works  Mgr.,  Oldbury  Electrochem.  Co.;  res., 
33  Sugar  St.,  Echota,  Niagara  Falls,  N.  Y. 

LIEBMANN,  Dr.  Louis  (Aug.  31,  ’07)  Westend  Str.  84,  Frankfort  a.  Main, 
Germany. 

LIENAU,  J.  Henry  (Feb.  2,  ’07)  Tech.  Supt.  New  York  Refinery,  The  Nat.  Sugar 
Ref.  Co.  of  N.  J.,  Long  Island  City,  N.  Y. ;  res.,  48  W.  82d  St.,  New  York  City. 
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LINCOLN,  Dr.  A.  T.  (Nov.  6,  ’02)  Rensse^en  ^djy ,  Inofa ;  ,Yos.t,  Second  St., 
Troy,  N.  Y.  ’  >  o  j’  3  i’.,  ’  •>  ,  ’  3  j 

LINCOLN,  Edwin  S.  (Sept.  26,  ’08),  Consult.  Eng.,  El.  Goan’s  ;M5g.  Co.;  r^p  ’i32 
Summitt  Ave.,  Brookline,  Mass.  ’  ’  ’,  ■>  * 

LINCOLN,  P.  M.  (Apr.  3,  ’02)  6830  Thomas  St.,  Pittsburgh,  Pa.  . 

LINDSAY,  Chas.  F.  (June  1,  ’07)  Gen.  Elec.  Co.,  Schenectady,  N.  Y. 

LITTLE,  Arthur  D.  (Apr.  1,  ’05)  Chem.  Expert  and  Engineer,  93  Broad  St., 
Boston,  Mass. 

LITTLE,  C.  A.  (Apr.  3,  ’02)  Electrochemist,  147  W.  Bridge  St.,  Elyria,  Ohio. 

LLOYD,  M.  G.,  Ph.D.  (Apr.  3,  ’02)  Bureau  of  Standards,  Washington,  D.  C. 

LLOYD,  Sherman  C.  (Sept.  26,  ’08)  Student,  Plattenstrasse  48,  Zurich,  Switzerland. 

LODYGUINE,  A.  (Jan.  3,  ’04)  Lessnoe,  Noraya  Ulitza  8,  St.  Petersburg,  Russia. 

LOEB,  Morris  (Apr.  3,  ’02)  New  York  Univ.,  273  Madison  Ave.,  New  York. 

LOHMAN,  R.  W.  (Apr.  6,  ’07)  Eng.  with  Lohman  &  Co.,  Metropolis  Bank.  Bldg., 
San  Francisco,  Cal. 

LONG,  George  E.  (Jan.  28,  ’08)  Napoleon,  Ohio. 

LOVE  J  OY,  D.  R.  (Apr.  3,  ’02)  U.  S.  E.  M.  Co.,  301  E.  29th  St.,  New  York  City. 

LUCRE,  Henry  J.  (June  6,  ’03)  c|o  Edwards,  Sager  &  Wooster,  2  Rector  St., 
New  York  City. 

LYMAN,  Jas.  (Apr.  3,  ’02)  Asst.  Eng.  Gen.  Electric  Co.,  1047  Monadnock  Bldg., 
Chicago,  Ill. 

MAC  DONALD,  Jas.  A.  (Aug.  7,  ’03)  Vice-Pres.  United  Verde  Copper  Co.,  49 
Wall  St.,  New  York. 

MAC  GREGOR,  Frank  S.  (Sept.  28,  ’07)  Electrometallurgist,  Huff  Electrostatic 
Separator  Co. ;  res.,  60  India  St.,  Boston,  Mass. 

MAC  MAHON,  Jas.  (Aug.  7,  ’02)  Bleaching  Powder  Supt.,  Castner  Electrolytic 
Alkali  Co.,  Niagara  Falls,  N.  Y. 

MAC  NUTT,  Barry,  E.E.,  M.S.  (Apr.  3,  ’02)  Phys.  Lab.  Lehigh  Univ.;  res.,  841 
Seneca  St.,  South  Bethlehem,  Pa. 

MAGNUS,  Benj.  (Apr.  3,  ’02)  Mgr.  Electrolytic  Refining  and  Smelting  Co.  of 
Australia,  Port  Kemble,  N.  S.  W.  Australia. 

M AILLOUX,  C.  O.  (Apr.  3,  ’02)  76  Williams  St.,  New  York, 

MAIN,  Wm.  (Apr.  3,  ’02)  Piermont,  Rockland  Co.,  N.  Y. 

MALM,  John  L.  (Aug.  5,  ’05)  El.  Met.,  1748  Welton  St.,  Denver,  Col. 

MANAHAN,  Paul  R.  (Apr.  30,  ’08)  Mgr.  Peabody  Branch,  Avery  Chem.  Co.,  837 
Caller  St.,  Peabody,  Mass. 

MANTIUS,  Otto  (Jan.  28,  ’08)  Eng.  Amer.  Fdy.  &  Mach.  Co.,  945  Monadnock 
Bldg.,  Chicago,  Ill. 

MARIE,  Charles  A.,  Dr.  es  Sciences  (Jan.  8,  ’0  4)  98  Rue  de  Cherche  Midi,  Paris,, 
VI,  France. 

MARSHALL,  Jas.  G.  (Sept.  2,  ’04)  Asst.  Supt.  Union  Carbide  Co.;  res.,  1115 
Niagara  St.,  Niagara  Falls,  N.  Y. 

MARTI,  William  C.  (Feb.  28,  ’08)  Student,  Univ.  of  Ill.;  res.,  210  E.  Clark  St., 
Champaign,  Ill. 

MARVIN,  Arba  B.,  Jr.  (Apr.  3,  ’02)  Patent  Dept.,  General  Elec.  Co.,  Schenectady, 
N.  V  . 

MASUJIMA,  Bunjiro  (Mar.  4,  ’05)  care  of  K.  Takebe,  25  Gazenbo-cho,  Azabuku, 
Tokyo,  Japan. 

MATHERS,  Frank  C.  (Feb.  6,  ’04)  303  N.  College  Ave.,  Bloomington,  Ind. 

MATTHEW,  H.  T.  (June  2,  ’06)  509  Old  Colony  Bldg.,  Chicago,  Ill. 

MAURAN,  Max  (Nov.  6,  ’02)  Eng.  and  Asst.  Mgr.,  Castner  Electrolytic  Alkali 
Co.,  Niagara  Falls,  N.  Y. 

MAYNARD,  Geo.  W.  (Apr.  3,  ’02)  20  Nassau  St.,  New  York. 

MAYWALD,  F.  J.  (Apr.  3,  ’02)  Chem.,  1028  72d  St.,  Brooklyn,  N.  Y. 

McALLlSTER,  Dr.  Addams  S.  (July  31,  ’08)  Assoc.  Ed.,  The  Electrical  World, 
239  W.  39th  St.,  New  York  City. 

McCONNELL,  J.  Y.  (Apr.  3,  ’02)  500  N.  Broad  St.,  Philadelphia,  Pa.;  res., 

Colwyn,  Pa. 

McCORMACK,  Harry  (June  29,  ’07)  Associate  Prof.  Dept,  of  Chemical  Engi¬ 
neering,  Armour  Inst.,  Chicago,  111. 

McCOY,  Herbert  N.  (Sept.  4,  ’03)  Kent  Chem.  Lab.,  Univ.  of  Chicago,  Chicago,  Ill. 

McELROY,  Jas.  F.  (Sept.  17,  ’03)  Consult.  Eng.,  Cons.  Car  Heating  Co.,  131  Lake 
Ave.,  Albany,  N.  Y. 

McFARLIN,  J.  Robert  (Jan.  28,  ’08)  Electrical  Service  Supplies  Co.,  518  N.  5th 
St.,  Keokuk,  Iowa. 

McINTOSH,  D.  (Dec.  4,  ’02)  Demons,  in  Phys.  Chem.,  McGill  Univ.,  Montreal, 
Canada. 

McKEE,  Geo.  M.  (Aug.  7,  ’03)  Mgr.  Hinckley  Fibre  Co.,  Hinckley,  Oneida  Co., 
N.  Y. 

McKENNA,  Chas.  F.  Ph.D.  (Nov.  26,  ’07')  155  West  91st  St.,  New  York  City. 

McMASTER,  Daniel  (Apr.  1,  ’05)  Vice-Pres.  and  Gen.  Mgr.  Oxford  Paper  Co., 
Rumford  Falls,  Me. 

McMURTRIE,  Dr.  Wm.  (Apr.  6,  ’07)  Royal  Baking  Powder  Co.;  res.,  480  Park 
Ave.,  New  York. 

McNEILL,  Ralph  (Feb.  5,  ’03)  223  W.  106th  St.,  New  York. 

MEDOVE,  Morris  (June  29,  ’07)  c|o  Wiederschall,  425  Grand  St.,  New  York  City. 
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MEf^CHER,  A.  C.  >  (July  3,  ’OP")  Research  Associate  in  Phys.  Chem.,  Mass.  Inst,  of 
T,ech.,  Bos^n;  ,y6Sl»(!  5^  sBowen  St.,  Newton  Centre,  Mass. 

MERRILL,  Prof.  J.  F.  (Oct.  10,  ’03)  Prof,  of  Physics  and  Elec.  Eng.,  Dir.  of 
6  ■  State  School  of  Mines,  the  Eng.  School  of  Univ.  of  Utah,  University  of  Utah, 
Salt  Lake  City,  Utah. 

MERRILL,  J.  L.  (Sept.  4,  ’03)  Local  Agent,  Burke  Electric  Co.,  1526-30  Park 
Bldg.,  Pittsburgh,  Pa. 

MERSHON,  Ralph  D.  (July  1,  ’05)  Consult.  Eng.;  res.,  116  W.  85th  St.,  New  York. 

MERZ,  Chas.  H.  (Apr.  3,  ’02)  Consult.  Eng.,  28  Victoria  St.,  Westminster,  London, 
S.W. ;  Collingswood  Bldgs.,  Newcastle-upon-Tyne,  England. 

METZ,  H.  A.  (Apr.  3,  ’02)  122  Hudson  St.,  New  York. 

MEYER,  Dr.  Franz  (Sept.  4,  ’03)  R.  Wedekind  &  Co.,  m  b  H,  Werdigen,  Nieder- 
rhein,  Germany. 

MEYER,  John  (Oct.  7,  ’05)  Eng.  of  Commercial  Dept.,  Philadelphia  Elec.  Co.; 
res.,  5345  Pine  St.,  Philadelphia,  Pa. 

MILLER,  Dr.  W.  LASH  (Apr.  3,  ’02)  50  St.  Albans  St.,  Toronto,  Canada. 

MILLS,  J.  E.  (Apr.  16,  ’03)  Chapel  Hill,  N.  C. 

MINER,  H.  S.  (May  1,  ’07)  Chief  Chemist,  Welsbach  Light  Co.,  Gloucester  City, 
N.  J. 

MITCHELL,  Thomas  A.  (Apr,  30,  ’08)  West  Va.  Paper  &  Pulp  Co.,  Mechanicville, 
N.  Y. 

MOLERA,  E.  J.  (Apr.  3,  ’02)  Civil  Eng.,  2025  Sacramento  St.,  San  Francisco,  Cal. 

MOLTKEHANSEN,  Ivar  J.  (June  6,  ’03)  Vadeim,  Sogne,  Norway. 

MONELL,  A.  (Apr.  3,  ’02)  Pres.  Int.  Nickel  Co.,  43  Exchange  Place,  New  York. 

MOODY,  Herbert  R.  (June  29,  ’07)  Chem.  Bldg.,  College  City  of  New  York, 
140th  St.  and  Corwent  Ave. ;  res.,  23  Hamilton  Terrace,  College  Station,  New 
York  City. 

MORANI,  Fausto  (Dec.  4,  ’03)  Gen.  Mgr.  Societa  Italiana  Carburo  di  Calcio 
Acetelene  et  Altri  Gas,  66  Via  Due  Macelli,  Rome,  Italy. 

MOREHEAD,  J.  M.  (Feb.  5,  ’03)  157  Michigan  Ave.,  Chicago,  Ill. 

MOREY,  George,  Jr.  (Nov.  26,  ’07)  Student  Asst.,  Chem.  Lab.,  Univ.  of  Minnesota, 
Minneapolis,  Minn. 

MORGAN,  Dr.  J.  L.  R.  (Apr.  3,  ’02)  Columbia  University,  New  York. 

MORGAN,  Leonard  C.  (Aug.  29,  ’08)  Asst.  Melter  and  Refiner,  U.  S.  Mint,  Phila¬ 
delphia,  Pa. 

MORGANS,  Frank  Davis  (Sept.  26,  ’08)  Consult.  Eng.,  165  Fifteenth  ave.,  Colum¬ 
bus,  Ohio. 

MORITZ,  C.  H.  (Apr.  4,  ’03)  Aluminum  Co.  of  America,  Niagara  Falls,  N.  Y. 

MORRIS,  Henry  G.  (Apr.  3,  ’02)  London,  Liverpool  and  Globe  Bldg.,  333  Walnut 
St.,  Philadelphia,  Pa. 

MOSES,  H.  B.  (Apr.  3,  ’02)  Raritan  Copper  Works;  res.,  174  Brighton  Ave.,  Perth 
Amboy,  N.  J. 

MOTT,  W.  R.  (Mar.  5,  ’03)  511  University  Ave.,  Madison,  Wis. 

MOULTON,  Chas.  W.  (May  1,  ’06)  Prof,  of  Chem.,  Vassar  College,  Poughkeepsie, 
N.  Y. 

MURPHY,  E.  J.  (Oct.  2,  ’02)  Wks.  Mgr.  Kelvin  &  Jas.  White,  Ltd.,  18  Cambridge 
St.,  Glasgow,  Scotland. 

MYERS,  Ralph  E.,  Ph.D.  (Nov.  5,  ’04)  Instructor  in  Electrochem.,  Pennsylvania 
State  College,  State  College,  Pa. 

NAMBA,  M.  (Nov.  6,  ’03)  Prof,  of  Elec.  Eng.,  Kyoto  Imp.  Univ.,  Kyoto,  Japan. 

NEIL,  James  M.  (Dec.  27,  ’07)  Technical  Chemist,  12  Woodlawn  Ave.,  Toronto, 
Canada. 

NELSON,  John  (Jan.  7,  ’05)  Supt.  American  Nickeloid  Mfg.  Co.,  P.  O.  Box  35, 
Peru,  Ill. 

NEUMAN,  Frederick  J.  (Sept.  26,  ’08)  Works  Mgr.,  Woods  Motor  Vehicle  Co., 
2515  Calumet  Ave.,  Chicago,  Ill. 

NICHOLS,  Wm.  H.,  D.Sc.,  LL.D.  (Mar.  3,  ’06)  Pres.  Nichols  Copper  Co.,  General 
Chem.  Co.,  25  Broad  St.,  New  York;  res.,  355  Clinton  Ave.,  Brooklyn,  N.  Y. 

NICHOLS,  W.  Standish  (Apr.  3,  ’02)  Interborough  Rapid  Transit  Co.,  100  Broad¬ 
way,  New  York. 

NODELL,  Wm.  (May  9,  ’03)  Elec.  Eng.,  10-12  E.  108th  St.,  New  York  City. 

NORMAN,  Geo.  M.  (Apr.  3,  ’02)  75  Aberdeen  Place,  Woodbury,  N.  J. 

NORTH,  H.  B.  (April  6,  ’07)  63  Palm  St.,  Janesville,  Wis. 

NORTHRUP,  Edwin  F.  (Oct.  17,  ’07)  The  Leeds  &  Northrup  Co.;  res.,  8  Asbury 
Terrace,  Oak  Lane,  Pa. 

NUNN,  Dr.  R.  J.  (Apr.  3,  ’02)  5  York  St.,  E.,  Savannah,  Ga. 

NUTTER,  Coleman  Evan  (Oct.  7,  ’05)  Elec.  Eng.,  A.,  T.  &  S.  F.  Ry„  Topeka, 
Kan. 

OESTERLE,  Wm.  F.,  Jr.  (Oct.  7,  ’05)  404  Jarvis  St.,  Clarkesburg,  W.  Va. 

OHOLM,  Lars  Wm.,  Ph.D.  (Dec.  27,  ’07)  Lecturer  on  Applied  Phys.,  Univ.  of  Fin¬ 
land,  Helsingfors,  Finland. 

OLIVER,  Frank  M.  (Apr.  3,  ’02)  Chem.,  H.  K.  Mulford  Co.,  412-426  S.  13th  St., 
Philadelphia,  Pa. 

OSBORNE,  Loyall  A.  (Apr.  3,  ’02)  Westinghouse  E.  and  Mfg.  Co.,  Pittsburgh,  Pa. 

PALMER,  C.  S.  (Jan.  6,  ’06)  The  J.  P.  Eustis  Co.,  92-100  North  St.,  Boston,  Mass. 

PARKER,  Herschel  C.  (July  31,  ’07)  Adj.  Prof.  Physics,  Columbia  Univ.,  New 
York  City;  res.,  21  Fort  Greene  Place,  Brooklyn,  N.  Y. 
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PARKER,  John  C.  (Nov.  21,  ’08)  Mech.  and  El.  Eng.,  Roc-iester  Ry.  &  Lt.  Co.; 
res.,  34  Clinton  Ave.,  N.,  Rochester,  N.  Y. 

PARKHURST,  C.  W.  (Sept.  26,  ’08)  Supt.  El.  Dept.,  Cambria  Steel  Co.,  Johns¬ 
town,  Pa. 

PARR,  Samuel  W.  (Jan.  7,  ’05)  Prof,  of  Applied  Chem.,  Univ.  of  Ill.,  Urbana,  Ill. 

PARSONS,  Charles  L.  (Oct.  29,  ’08)  Prof,  of  Inorganic  Chemistry,  New  Hamp¬ 
shire  College,  Durham,  N.  Y. 

PARSONS,  Louis  A.,  Ph.D.  (Apr.  3,  ’02)  Prof,  of  Physics,  Pennsylvania  College, 
Gettysburg,  Pa. 

PATTEN,  Harrison  E.,  Ph.D.  (Apr.  3,  '06)  Bureau  of  Soils,  U.  S.  Dept,  of  Agri¬ 
culture,  Washington,  D.  C. 

PATTERSON,  Geo.  W.,  S.B.,  Ph.D.  (Nov.  6,  ’02)  Prof,  of  Elec.  Eng.,  Univ.  of 
Mich.;  res.,  814  S.  University  Ave.,  Ann  Arbor,  Mich. 

PATTISON,  Frank  A.  (Apr.  3,  ’02)  Consult.  Eng.,  Fuller  Bldg.,  23d  St.  and 

Broadway,  New  York. 

PAUL,  Henry  N.,  Jr.  (Apr.  3,  ’02)  1815  Land  Title  Bldg.,  Philadelphia,  Pa. 

PAWECK,  Dr.  Heinrich  (Dec.  4,  ’03)  Dittesgasse  16,  Wien  XVIIIV2,  Austria. 

PEIRCE,  Albert  E.  (Sept.  26,  ’08)  En£.  and  Asst.  Gen.  Mgr.  Chippewa  Valley 
Light  and  Power  Co.,  Eau  Claire,  Wis. 

PENNOCK,  John  D.,  A.B.  (Apr.  2,  ’04)  Chief  Chemist,  Solvay  Process  Co., 

Syracuse,  N.  Y. 

PERKIN,  F.  Mollwo,  Ph.D.  (Sept.  4,  ’02)  Prof,  of  Chem.  Borough  Poly.  Inst., 

103  Borough  Road,  S.E.;  res.,  The  Firs,  Hengrave  Road,  Forest  Hill,  London, 

S.E.,  England. 

PERRY,  C.  M.  (Sept.  4,  ’03)  Supt.  Saylis  Bleacheries  and  Glenlyon  Dye  Works, 
Saylesville,  R.  I.;  res.,  Greene,  R.  I. 

PERRY,  R.  S.  (Apr.  3,  *02)  5104  Pulaski  Ave.,  Germantown,  Philadelphia,  Pa. 

PETERS  SON,  Dr.  Albert,  Ph.D.  Jan.  6,  ’06)  Consult.  Eng.,  Odda,  per  Bergen, 
Norway. 

PEYTON,  W.  C.  (Apr.  3,  ’02)  Martinez,  Contra  Costa  Co.,  Cal. 

PHILIPP,  Herbert  (Nov.  6,  ’03)  Roessler  &  Hasslacher  Chem.  Co.;  res.,  84  High 
St.,  Perth  Amboy,  N.  J. 

PHILLIPS,  ROSS  (Nov.  6,  ’03)  National  Electrolytic  Co.,  Niagara  Falls,  N.  Y. 

PHILLIPS,  WILLIAM  B.  (March  5,  ’03)  Birmingham  Testing  Laboratory,  1917% 
First  Ave.,  Birmingham,  Ala. 

PICKERING,  Oscar  W.  (Oct.  2,  ’02)  Consulting  Chemist,  20  Lenox  St.,  Springfield, 
Mass. 

PIKLER,  A.  Henry  (June  1,  ’07)  Engineer  in  charge  Transformer  Dept.  Crocker 
Wheeler  Co.,  Ampere.  N.  J. ;  res.,  Montclair,  N.  J. 

PINKERTON,  Andrew  (Apr.  3,  ’03)  1302  Farmers’  Bank  Bldg.,  Pittsburgh,  Pa. 

POLK,  John  L.  (Dec.  27,  ’07)  Student,  Rensselaer  Poly.  Inst.;  res.,  708  Grand  St., 
Troy,  N.  Y. 

POND,  G.  G.,  Ph.D.  (July  3,  ’02)  Prof,  of  Chem.,  State  College,  Pa. 

PORTER,  John  L.  (Apr.  3,  ’02)  Lab.  of  Sewerage  and  Water  Board,  602 
Carondelet  St.;  res.,  1317  Henry  Clay  Ave.,  New  Orleans,  La. 

POTTER,  Henry  Noel,  Sc.D.  (Apr.  3,  ’02)  Hollywood,  Cal. 

PRATT,  Fred.  S.  (Apr.  3,  '02)  Stone  &  Webster,  93  Federal  St.,  Boston,  Mass. 

PRICE,  Edgar  F.  (July  3,  ’02)  Union  Carbide  Co.,  157  Michigan  Ave.,  Chicago,  Ill. 

PRINDLE,  Edwin  J.  (Jan.  8,  ’04)  Practicing  Patent  Lawyer,  220  Broadway, 
New  York. 

PRING,  John  N.  (Nov*  3,  ’06)  Research  student,  Victoria  Univ.,  Manchester, 
England. 

PROSSER,  H.  A.  (Dec.  2,  ’05)  Metallurg.  Dir.,  U.  S.  Smelting,  Ref.  &  Min.  Co., 
508  Dooly  Block,  Salt  Lake  City,  Utah. 

PUMPELLY,  Jas.  K.  (July  1,  ’05)  2304  Ashland  Ave.,  Indianapolis,  Ind. 

PYNE,  Francis  R.  (Dec.  2,  ’05)  Boston  and  Montana  Smelter,  Great  Falls,  Mont., 

QUEENY,  John  F.  (June  1,  ’07)  President  Monsanto  Chem.  Co.,  1800  S.  2d  St., 
St.  Louis,  Mo. 

QUENEAU,  A.  L.  J.  (May  1,  *06)  Wetherill  Finished  Castings  Co.,  Erie  Ave.  and 
Richmond  St.,  Philadelphia,  Pa. 

QUINAN,  Kenneth  B.  (Jan.  8,  ’04)  Chief  Chemist,  De  Beer’s  Explosive  Works, 
Dynamite  Factory,  Somerset  West,  Cape  Colony. 

RAMAGE,  A.  S.  (May  6,  ’05)  American  Color  Co.,  Detroit,  Mich. 

RAU,  Prof.  Albert  G.  (Apr.  3,  ’02)  Supt.  Moravian  Parochial  School,  Bethlehem, 
Pa. 

REBER,  Lieut.  Col.  Samuel  (Apr.  3,  ’02)  Headquarters,  Div.  of  Philippines, 
Manila,  P.  I. 

REED,  C.  J.  (Apr.  3,  ’02)  3313  N.  16th  St.,  Philadelphia,  Pa. 

REEVE,  Amos  G.  (Nov.  26,  ’07)  Electroplating  Dept.  Oneida  Community,  Ltd  , 
Niagara  Falls,  N.  Y. ;  res.,  930  Ferry  Ave. 

REISENEGGER,  Dr.  Herman  (June  6,  ’03)  Chemiker  Farbwerke  in  Hochst  a|M, 
Germany. 

REIST,  Henry  G.  (Sept.  26,  ’08)  Desig.  Eng.,  Gen.  El.  Co.,  Schenectady,  N.  Y. 

RHODIN,  B.  E.  F.  (Apr.  3,  ’02)  Chief  Eng.,  Can.  Electrochem.  Co.,  Ltd.,  Sault 
Ste.  Marie,  Ont.,  Caned'’. 

RICHARD,  George  A.  (June  1.  ’07)  Electrolytic  Ref.  Co.  of  Australia,  Mt. 

.  Morgan,  Queensland,  Australia. 
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RICHARDS,  Jos.  W.,  Ph.D.  (Apr.  3,  ’02)  Prof,  of  Metallurgy,  Lehigh  Univ.,  S. 
Bethlehem,  Pa.;  res.,  University  Park. 

RICHARDS,  Dr.  T.  W.  (June  3,  ’05)  Prof,  of  Chera.,  Harvard  Univ.,  Cambridge, 
Mass. 

RICKENBACHER,  Albert  D.  (Sept.  26,  ’08)  Electrician,  Wash.  Ry.  and  El.  Co.; 
res.,  1213  G  St.,  N.  W.,  Washington,  D.  C. 

RIKER,  John  J.  (Mar.  5,  ’03)  Treas.  Oldbury  Electrochem.  Co.,  46  Cedar  St.. 
New  York. 

RIVA-BERNI,  Count  A.  de  (Nov.  26,  ’07)  Compt.  lnt.  de  Yente  de  Ferro-Silicum ; 
res.,  9  Avenue  Niel,  Paris,  France. 

ROBERTS,  Isaiah  L.  (Oct.  2,  ’02)  Dir.  Roberts’  Chem.  Co.,  42  Broadway,  New 
York. 

ROBINSON,  Almon  (Apr.  3,  ’02);  res.,  Webster  Road,  Lewiston,  Me. 

ROCHLITZ,  Prof.  Oscar  A.  (Apr.  3,  ’02)  1962  Kenmore  Ave.,  Chicago,  Ill. 

RODGERS,  Ashmead  G.  (Nov.  6,  ’02)  Supt.  The  Carborundum  Co.,  Niagara  Falls, 
N.  Y. 

RODMAN,  Hugh  (Apr.  3,  ’02)  Westinghouse  Machine  Co.,  E.  Pittsburgh,  Pa. 

ROEBER,  E.  F.,  Ph.D.  (Apr.  3,  ’02)  Ed.  ^Electrochem.  and  Met.  Ind.,  239  W.  39th 
St.,  New  York. 

ROEPPER,  C.  W.  (Apr.  3,  ’02)  Mt.  Airy  Station,  Philadelphia,  Pa. 

ROESSLER,  Dr.  Franz  (July  31,  ’07)  Vice-Pres.  and  Supt.  Roessler  &  Hasslacher 
Chem.  Co.,  Perth  Amboy,  N.  J. ;  res.,  39  High  St. 

ROLLER,  F.  W.  (Apr.  3,  ’02)  Elec.  Instruments  (Machado  &  Roller),  203  Broad¬ 
way,  New  York. 

ROSEBRUGH,  Prof.  T.  R.  (Apr.  3,  ’02)  School  of  Practical  Science,  Toronto, 
Ont.,  Canada. 

ROSS,  G.  McM.  (Apr.  3,  ’02)  Yosemite  Club,  Stockton,  Cal. 

ROSSI,  A.  J.  (Apr.  3,  ’02)  35  Broadway,  New  York. 

ROUSH,  Gar  A.  (Feb.  6,  ’04)  Chemist  Cape  Cruz  Sugar  Co.,  Ensenada  de  Mora, 
Cuba. 

ROWAND,  Lewis  G.  (Apr.  3,  ’02)  N.  J.  Zinc  Co.,  Franklin  Furnace,  Sussex  Co., 
N.  J. 

RUDRA,  Sarat  C.  (Mar.  5,  ’04)  Consult.  Min.  Eng.,  2963  Webster  St.,  San 
Francisco,  Cal. ;  res.,  Calcutta,  India. 

RUHL,  Louis  (Dec.  2,  ’05)  Asst.  Sec.  The  Roessler  &  Hasslacher  Chem.  Co.,  100 

William  St.,  P.  O.  Box  1999,  New  York. 

RUSHMORE,  David  B.  (Apr.  3,  ’02)  Eng.  Power  and  Mining  Dept.,  General  Elec. 
Co.,  Schenectady,  N.  Y. 

RUSSELL,  Chas.  J.  (Apr.  3,  ’02)  District  Manager  The  Phila.  Electric  Co.,  4522 
Frankford  Ave.,  Philadelphia,  Pa. 

RUTHENBURG,  Marcus  (Apr.  3,  ’02)  34  Clements  Lane,  London,  England.  • 

RYNARD,  Wm.  T.  (Aug.  5,  ’05)  Gen.  Mgr.  Vanadium-Alloys  Co.,  25  Broad  St.; 

res.,  116  Riverside  Drive,  New  York. 

SADTLER,  Samuel  P„  LL.D.  (Apr.  3,  ’02)  Consulting  Chemist,  39  S.  10th  St., 
Philadelphia,  Pa. 

SADTLER,  Samuel  S.  (Apr.  3,  ’02)  with  S.  P.  Sadtler  &  Son,  Consulting  and 
Analytical  Chemists,  39  S.  10th  St.,  Philadelphia,  Pa. 

SALOM,  Pedro  G.  (Apr.  3,  ’02)  333  Walnut  St.,  Philadelphia,  Pa. 

SAUNDERS,  Prof.  A.  P.  (Apr.  3,  ’02)  Hamilton  College,  Clinton,  N.  Y. 

SAUNDERS,  Lewis  E.  (Dec.  26,  ’07)  Chem.  Eng.,  Norton  Co.,  Box  296,  Niagara 
Falls,  N.  Y.  •  ■ 

SAYERS,  Royd  R.  (June  1,  ’07)  Lancaster,  N.  Y. 

SCHALL,  Dr.  C.  (Aug.  29,  ’08)  Privatdocent,  Sternwarterstrasse  79|1,  Leipzig, 
Germany. 

SCHAMBERG,  Meyer  (Dec.  27,  ’07)  Chemist  and  Min.  Engr.,  1841  N.  17th  St., 
Philadelphia,  Pa. 

SCHILLER,  F.  W.  (Sept.  26,  ’08)  Insp.  Pub.  Service  Comm.,  State  of  N.  Y. ;  res., 
168  Seymour  Ave.,  Utica,  N.  Y. 

SCHLESINGER,  Barthold  E.  (Nov.  6,  ’02)  The  Merrimac  Chem.  Co.,  res.,  92  Mt. 
Vernon  St.,  Boston,  Mass. 

SCHLUEDERBERG,  Carl  G.  (Feb.  2,  ’06)  210  N.  Craig  St.,  Pittsburgh,  Pa. 

SCHLUNDT,  Herman  (Nov.  5,  ’04)  Asst.  Prof.  Phys.  Chem.,  Univ.  of  Missouri; 
res.,  801  College  Ave.,  Columbia,  Mo. 

SCHOCH,  Dr.  Eugene  P.  (Oct.  1,  ’04)  Adjunct  Prof,  of  Chem.,  Univ.  of  Texas; 
res.,  714  W.  23d  St.,  Austin,  Tex. 

SCHOLL,  Dr.  Geo.  P.  (Sept.  4,  ’03)  Chem.  Expert,  Western  Elec.  Mfg.  Co.,  510 
W.  23d  St.,  New  York  City. 

SCHUETZ,  Fred.  F.  (Oct.  1,  ’04)  Patent  Attorney,  Room  1352,  50  Church  St., 
New  Yoi’k  City. 

SCUDDER,  Heyward  (Sept.  4,  ’03)  21  E.  22d  St.,  New  York. 

SERGEANT,  Elliott  M.  (October  1,  ’04)  Box  54,  Niagara  Falls,  N.  Y. 

SETHMAN,  Geo.  H.  (Nov.  6,  ’03)  Engineer  and  Contractor,  404-405  Kittredge 
Bldg.;  res.,  958  Lincoln  Ave.,  Denver,  Col. 

SEWARD,  Geo.  O.  (April  3,  ’02)  99  Cedar  St.,  New  York. 

SEYFERT,  Stanley  S.  (Oct.  29,  ’08)  Asst.  Prof.  El.  Eng.,  Lehigh  Univ.;  res., 
530  Chestnut  Street,  South  Bethlehem,  Pa. 
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SHARP,  Clayton  H.  (Nov.  26,  ’07)  Test  Officer  with  Electrical  Testing  Labora¬ 
tories,  80th  St.  and  East  End  Ave.,  New  York  City;  res.,  White  Plains,  N.  Y. 

SHATTUCK,  A.  F.  (Apr.  3,  ’02)  The  Solvay  Process  Co.,  Detroit,  Mich. 

SHAW,  E.  C.  (Apr.  3,  ’02)  The  B.  F.  Goodrich  Co.,  Akron,  Ohio;  res.,  120  S. 
Union  St. 

SHAW,  Prof.  H.  B.  (Apr.  3,  ’02)  Univ.  of  Missouri,  Columbia,  Mo.,  Prof,  of  Elec. 
Engineering. 

SHELDON,  Dr.  Samuel  (Apr.  3,  ’02)  Prof,  of  Physics  and  Elec.  Eng.,  Polytechnic 
Inst.,  Brooklyn,  N.  Y. 

SHIELDS,  Dr.  John  (Dec.  4,  ’02)  4  Stanley  Gardens,  Cricklewood,  London,  N.  W., 
England,  and  Minas  de  Rio  Tinto,  Provincia  de  Huelva,  Spain. 

SHINJO,  Y.  (Nov.  5,  ’04)  Chief  Eng.  Tokyo  Elec.  Co.,  1  Amishirocho,  Azabuku, 
Tokyo,  Japan. 

SHINN,  F.  L.  (Jan.  8,  ’04)  Asst.  Prof,  of  Chem.,  Univ.  of  Oregon;  res.,  386  E. 
11th  St.,  Eugene,  Ore. 

SJOSTEDT,  E.  A.  (Sept.  4,  ’03)  Chief  Metallurgist,  The  Lake  Superior  Power  Co., 
Sault  Ste.  Marie,  Ont.,  Canada. 

SKINNER,  H.  J.  (Apr.  3,  ’02)  93  Broad  St.,  Boston,  Mass.,  c|o  A.  D.  Little. 

SKOWRONSKI,  Stanislaus  (June  1,  ’07)  Chemist  American  Smelting  and  Refining 
Co.,  Perth  Amboy,  N.  J. ;  res.,  54  High  St. 

SLADE,  W.  C.  (Apr.  30,  ’08)  Dept,  of  Chemistry,  Brown  Univ.,  Providence,  R.  I. 

SLOCUM,  Frank  L.  (Dec.  4,  ’03)  Part  Owner,  Vice-Pres.  and  Gen.  Mgr.,  Miami 
Min.  Co.,  401  S.  Linden  Ave.,  E.  E.,  Pittsburgh,  Pa. 

SMITH,  A.  T.  (Dec.  4,  ’03)  Gen.  Mgr.  Castner-Kellner  Alkali  Co.,  43  Castle  St., 
•Liverpool,  England. 

SMITH,  Prof.  A.  W.  (Apr.  3,  ’02)  Case  School  of  Applied  Science;  res.,  1971  E. 
79th  St.,  N.  E.,  Cleveland,  Ohio. 

SMITH,  E.  A.  C.  (May  9,  ’03)  Metallurgist,  Balt.  Cop  Smelting  and  Rolling  Co., 
Baltimore,  Md. 

SMITH,  Dr.  Edgar  F.  (June  3,  ’05)  Prof,  of  Chem.,  Univ.  of  Pa.,  Philadelphia,  Pa. 

SMITH,  Edmund  S.  (Apr.  3,  ’02)  Chemist,  The  Carborundum  jCo.,  Niagara  Falls, 
N.  Y. 

SMITH,  E.  W.  (Apr.  3,  ’02)  74  E.  Penn  St.,  Germantown,  Philadelphia,  Pa. 

SMITH,  F.  Warren  (May  9,  ’03)  Provo  City,  Utah. 

SMITH,  Prof.  Harold  B.  (Sept.  4,  ’03)  Prof,  of  Elec.  Eng.,  Worcester  Polytechnic 
Inst.;  res.,  20  Trowbridge  Road,  Worcester,  Mass. 

SMITH,  Wm.  (Nov.  4,  ’05)  Mech.  Eng.,  Henry  Disston  &  Sons,  Inc.;  res.,  6942 
Marsden  St.,  Tacony,  Philadelphia,  Pa. 

SMITH,  Wm.  Acheson  (Aug.  31,  ’07)  Vice-Pres.  Inter.  Acheson  Graphite  Co.; 
res.,  603  Jefferson  Ave.,  Niagara  Falls,  N.  Y. 

SMULL,  Judson  G.  (Nov.  26,  ’07)  Chemist,  N.  J.  Zinc  Co.,  Franklin  Furnace, 

N.  J. 

SNELLING,  W.  O.  (Oct.  2,  ’02)  U.  S.  Testing  Station,  40th  and  Butler  Sts., 
Pittsburgh,  Pa. 

SNOOK,  H.  Clyde,  A.M.  (Nov.  26,  ’07)  Pres.  Roentgen  Mfg.  Co.,  Mariner  and 
Merchant  Bldg.,  Philadelphia,  Pa. 

SNOWDON,  R.  C.  (Feb.  2,  ’06)  Instructor  in  Chem.,  Cornell  Univ.;  res..  Ill 
Catharine  St.,  Ithaca,  N.  Y. 

SNYDER,  Fred.  T.  (June  6,  ’03)  Pres.  Canada  Zinc  Co.,  215  Wabash  Ave., 
Chicago,  Ill. 

SOLVAY,  Armand  (Jan.  8,  ’04)  Mgr.  The  Solvay  Co.,  of  Brussels,  33  Rue  du 
Prince  Albert,  Brussels,  Belgium. 

SPALDING,  William  L.  (Apr.  30,  ’08)  Supt.  Electrolytic  Ref.,  Buffalo  Smelt. 
Wks.,  Buffalo,  N.  Y. 

SPEIDEN,'  Clement  C.  (Nov.  6,  ’02)  46  Cliff  St.,  New  York. 

SPEIDEN,  Eben  C.  (Feb.  2,  ’06)  Supt.  Int.  Acheson  Graphite  Co.,  Niagara  Falls, 
N.  Y. 

SPERRY,  Elmer  A.  (Apr.  3,  ’02)  100  Marlborough  Road,  Prospect  Park,  South, 
Brooklyn,  N.  Y. 

SPEYERS,  C.  L.  (Jan.  5,  ’07)  Harvard  Univ.;  res.,  28  William  St.,  Cambridge, 
Mass. 

SPICE,  Robert  (June  6,  ’03)  Prof,  of  Chem.,  Cooper  Union  .for  the  Advancement 
of  Science  and  Art,  New  York. 

SPRAGUE,  Edmund  C.  (July  31,  ’08)  Chemist,  Int.  Acheson  Graphite  Co.;  res., 
518  Jefferson  Ave.,  Niagara  Falls,  N.  Y. 

STAMPS,  F.  A.  (June  2,  ’06)  Chem.  Phosphorus  Compounds  Co.,  P.  O.  Box  250; 
res.,  521  Jefferson  Ave.,  Niagara  Falls,  N.  Y. 

STANLEY,  Wm.  (Jan.  8,  ’04)  Great  Barrington,  Mass. 

STANSFIELD,  A.,  D.Sc.,  A.R.S.M.  (Jan.  8,  ’03)  Prof,  of  Metallurgy,  McGill  Univ., 
Montreal,  Canada. 

STATHAM,  Noel  (Oct.  17,  ’07)  W.  Va.  Pulp  and  Paper  Co.,  309  Broadway,  New 
York  City. 

STEIN,  Walter  M.  (Jan.  8,  ’03)  Pres,  and  Gen.  Mgr.  Primos  Chem.  Co.,  Primos, 
Delaware  Co.,  Pa. 

STEINMETZ,  Charles  P.  (Aug.  7,  ’02)  Gen.  Elec.  Co.;  res.,  Wendell  Ave.,  Schenec¬ 
tady,  N.  Y. 

STEINMETZ,  J.  A.  (Apr.  3,  ’02)  401  Market  St.,  Philadelphia,  Pa. 
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STEVENS,  J.  Franklin  (Sept.  26,  ’08)  Pres.  Keystone  El.  Inst.  Co.,  Ninth  street 
and  Montgomery  Ave.,  Philadelphia,  Pa. 

STEVENS,  Oscar  E.  (Sept.  26,  ’08)  Gen.  Ry.  Signal  Co.,  45  Broadway,  New 
York  City. 

STEWART,  Robert  Stuart  (Sept.  26,  ’08)  Consult.  El.  Eng.,  814  Penobscot  Bldg., 
Detroit,  Mich. 

STILLMAN,  Dr.  T.  B.  (Sept.  4,  ’03)  Prof,  of  Engineering  Chem.,  Stevens  Inst,  of 
Tech.,  Hoboken,  N.  J. 

STOFER,  Richard  C.  (July  6,  ’06)  Supt.  and  Vice-Pres.  The  Norwich  Pharmacal 
Co.,  28  Hayes  St.,  Norwich,  N.  Y. 

STOKES,  Henry  N.  (May  7,  ’04)  Chemist,  Bureau  of  Standards;  res.,  1443  Q  St., 
N.  W.,  Washington,  D.  C. 

STONE,  Chas.  A.  (Apr.  3,  ’02)  Stone  &  Webster,  84  State  St.,  Boston,  Mass. 

STOVEL,  R.  W.  (Sept.  26,  ’08)  Eng.,  West.,  Church,  Kerr  &  Co.,  10  Bridge  St., 
New  York  City. 

STROSACKER,  C.  J.  (Sept.  26,  ’08)  Foreman  of  Sodium  Benzoate  Plant,  Dow 
Chem.  Co.,  Midland,  Mich. 

STURGESS,  F.  M.  (Sept.  26,  ’08)  Apprentice,  West.  El.  &  Mfg.  Co.;  res.,  274  W. 
Swissvale  Ave.,  Swissvale,  Pa. 

STUTZ,  Ernest  (Apr.  7,  ’04)  Vice-Pres.  and  Gen.  Mgr.  Goldschmidt  Thermit  Co., 
90  West  St.,  New  York. 

SUMMERS,  Leland  L.  (Sept.  26,  ’08)  L.  L.  Summers  &  Co.,  First  Nat’l  Bank 
Bldg.,  Chicago,  Ill. 

SYKES,  H.  Walter  (May  7,  ’04)  Consult.  Elec.  Eng.,  Connell,  Sykes  &  Connell, 
90  West  Street,  New  York  City;  mailing  address,  206%  Bennett  St., 
Syracuse,  N.  Y. 

SYMMES,  Whitman  (Dec.  4,  ’03)  Consult.  Chem.  Eng.,  1044  Monadnock  Bldg., 
San  Francisco;  res.,  2231  Piedmont  Ave.,  Berkeley,  Cal. 

TADA,  Lieut.  S.  (Sept.  4,  ’03)  Kure  Naval  Arsenal,  Kure,  Japan. 

TAGGART,  Walter  T.  (Nov.  6,  ’02)  Asst.  Prof,  in  Organic  Chem.,  Univ.  of  Pa.; 
res.,  717  Corinthian  Ave.,  Philadelphia,  Pa. 

TALBOT,  Prof.  H.  P.  (Jan.  8,  '04)  Prof,  of  Inorganic  and  Analyt.  Chem.,  Mass. 
Inst,  of  Tech.;  res.,  273  Otis  St.,  West  Newton,  Mass. 

TAYLOR,  Edward  R.  (Apr.  3,  ’02)  Penn  Yan,  N.  Y. 

TEEPLE,  Dr.  J.  E.  (May  1,  ’06)  Consult,  and  Mfg.  Chem.,  50  Church  St.,  New 
York. 

THATCHER,  C.  J.,  Ph.D.  (Jan.  7,  ’05)  Pat.  Exp.,  50  Church  St.,  New  York  City. 

THOMAS,  Benj.  F.  (June  6,  ’03)  Sec.  Coco  Cola  Bottling  Co.,  The  Administration 
and  Trust  Co.  Bldg.,  Chattanooga,  Tenn. 

THOMAS,  Royal  D.  (Mar.  2,  ’07)  Asst,  to  Elec.  Eng.  Moorehead  Bros.,  Sharps- 
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Thomson,  E. 

West  Lynn — 

Weintraub,  E. 
Winchester — 

Tufts,  J.  L. 

Worcester — 

Boeck,  P.  A. 

Higgins,  A.  C. 
Jeppson,  G.  N. 

Smith,  H.  B. 

MICHIGAN. 

Ann  Arbor — 

Bigelow,  S.  L. 
Carhart,  H.  S. 
Johnson,  O.  C. 
Langley,  J.  W. 
Patterson,  G.  W. 

Bay  City — 

Davies,  M.  L. 

Detroit — 

Ramage,  A.  S. 
Shattuck,  A.  F. 
Stewart,  R.  S. 
Midland — 

Dow,  H.  H. 
Strosacker,  C.  J. 
Wyandotte— 

Gibbs,  A.  E. 

Vorce,  L.  D. 

MINNESOTA. 
Minneapolis — 

Frankforter,  G.  B. 
Frary,  F.  C. 

Morey,  G.,  Jr. 
Tomlinson,  L.  C. 
West  Duluth — 

Hatter,  C.  P. 

MISSOURI. 

Columbia — 

Brown,  W.  G. 

Shaw,  H.  B. 

Schlundt,  H. 

Kansas  City — 

Hofmann,  O. 

Kent, '  J.  M. 

St.  Louis — 

Abadie,  E.  H. 
Dorney,  J.  J. 

Kohler,  H.  L. 

Queeny,  J.  F. 
Williams,  A. 

MONTANA. 
Great  Falls — 

Burns,  W.  T. 

Pyne,  F.  R. 

Wheeler,  A.  E. 
Helena — 

Burwell,  A.  W. 

Gerry,  M.  H.,  Jr. 
Hauser,  S.  T.,  Jr. 

Hill,  S.  T.  H. 

NEVADA. 

Smelter —  ' 

Arnold,  T.  H. 

NEW  HAMPSHIRE 

Berlin — 

Barton,  C.  B. 
Durham — 

Parsons,  C.  L. 


NEW  JERSEY 

Ampere — 

Heitmann,  E. 
Arlington — 

Joyce,  C.  M. 
Camden — 

Benoliel,  S.  D. 
Cartaret — 

Carrier,  C.  F.,  Jr. 
Chrome — 

Addicks,  L. 
Colcord,  F.  F. 
East  Orange — 

Aylsworth,  J.  W. 
Fliess,  R.  A. 
Goodwin,  J.  H. 
Holland,  W.  E. 
Elizabeth — 

Knorr,  A.  E. 
Franklin  Furnace — 

Rowand,  L.  G. 
Smull,  J.  G. 
Gloucester  City — 

Miner,  H.  S. 
Haskell — 

Henning,  C.  I.  B. 
Highbridge — 

Le  Boutillier,  C. 
Hoboken — 

Langmuir,  I. 
Stillman,  T.  B. 
Irvington — 

Cito,  C.  C. 

Maurer — 

Colcord,  F.  F. 
Emanuel,  L.  V. 
Montclair — 

Pikler,  A.  H. 
Wesson,  D. 

Newark — 

Atwood,  G.  F. 
Benecke,  A.  O. 
Colby,  E.  A. 
Gifford,  W.  E. 
Hurlburt,  W.  F. 
Van  Winkle,  A. 
Walsh,  P.  C.,  Jr. 
Weston,  E. 
Zimmermann,  F. 

New  Brunswick — 

Voorhees,  L.  A. 

Orange — 

Edison,  T.  A. 
Goodrich,  C.  C. 
Perth  Amboy — 

Emrich,  H.  H. 
Foersterling,  H. 
Keller,  E. 

Moses,  H.  B. 
Philipp,  H. 
Roessler,  F. 
Skowronski,  S. 
Waring,  T.  D. 
Plainfield — 

Caldwell,  E. 
Hibbard,  H.  D. 
Princeton — 

Hulett,  G.  A. 

South  Orange — 

Yunck,  J.  A. 

Upper  Montclair. 

Comstock,  L.  K. 

Woodbury — 

Norman,  G.  N. 
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NEW  YORK. 

Albany — 

Hilliard,  J.  D. 
McElroy,  J.  F. 
Waldman,  L.  I. 
Alfred — 

Childs,  D.  H. 
Bedford  Station — 

Howe,  H.  M. 
Brooklyn — 

Dickinson,  W.  N. 
Drobegg,  G. 
Erhart,  W.  H. 
Foster,  O.  R. 
Gabriel,  G.  A. 
Kebbe,  G.  M. 
Maywald,  F.  J. 
Medove,  M. 
Sheldon,  S. 

Sperry,  E.  A. 
Wiechmann,  F.  G. 
Buffalo — 

Albright,  L. 
Bierbaum,  C.  H. 
Doty,  E.  L. 
Spalding,  W.  L. 
Yardley,  J.  L. 
Clinton — 

Saunders,  A.  T. 
Hinckley — 

McKee,  G.  M. 
Ithaca — 

Bancroft,  W.  D. 
Dennis,  L.  M. 
Snowdon,  R.  C. 
Lancaster — 

Sayers,  R.  R. 

Long  Island  City — 

Lienau,  J.  H. 
Lansingburgh — 

Valentine,  W. 
Lockport — 

Kenan,  W.  R.,  Jr. 
Mechanicsville — 

Mitchell,  T.  A. 
Statham,  N. 
Monticello — 

Isakovics,  A.  von 
New  York  City — 

Acker,  C.  E. 

Albro,  A.  B. 

Allyn,  R.  S. 
Bakewell,  T.  W. 
Barr,  B.  M. 
Barstow,  W.  S. 
Baskerville,  C. 
Bates,  W.  S. 

Bijur,  J. 

Block,  W.  S. 

Bogue,  C.  J. 
Bowman,  W. 
Bradley,  C.  S. 
Bradley,  W.  E.  F. 
Breneman,  A.  A. 
Brown,  H.  P. 
Brown,  J.  S. 

Buck,  H.  W. 

Buck,  L.  H. 
Calberla,  R. 
Caldwell,  E. 
Cameron,  W.  S. 
Carse,  D.  B. 

Cary,  E.  E. 

Case,  W.  E. 
Chandler,  C.  F. 
Clark,  W.  G. 

Clark,  W.  J. 


Cleaves,  M.  A. 
Coho,  H.  B. 
Crocker,  F.  B. 
Crumbie,  W.  D. 
Devlin,  S.  B. 
Dickinson,  W.  N. 
Dodge,  N. 
Doerflinger,  W.  F. 
Doremus,  C.  A. 
Dreyfus,  W. 
Duncan,  L. 

Durant,  E. 
Edmands,  L.  R. 
Eimer,  A. 

Elliott,  A.  H. 
Falding,  F.  J. 

Fitz  Gerald,  C.  M. 
FitzGibbon,  R. 
Foregger,  R.  von 
Frasch,  H.  A. 
Fries,  H.  H. 
Gaines,  R.  H. 
Goepel,  C.  P. 
Granbery,  J.  H. 
Graves,  C.  A. 
Grosvenor,  W.  M. 
Guttman,  L.  F. 
Hammer,  W.  J. 
Harris,  J.  W. 
Hasslacher,  J. 
Hatzel,  J.  C. 
Hemingway,  F. 
Hendry,  W.  F. 
Heroult,  P.  L.  T. 
Herzog,  F.  B. 
Hirschland,  F.  H. 
Howell,  W.  S. 
Hurlburt,  W.  F. 
Ihlder,  J.  D. 
Jackson,  H.  A. 
Jenks,  W.  J. 

Kahn,  J. 

Kennedy,  J.  J. 
Kenyon,  W.  H. 
Kern,  E.  F. 
Klipstein,  E.  C. 
Knudson,  A.  A. 
Kunz,  G.  F. 

Lamb,  A.  B. 
Langton,  J. 

Lienau,  J.  H. 

Loeb,  M. 

Lovejoy,  D.  R. 
Lucke,  H.  J. 
MacDonald,  J.  A. 
Mailloux,  C.  O. 
Maynard,  G.  W. 
McAllister,  A.  S. 
McKenna,  C.  F. 
McMurtrie,  W. 
McNeill,  R. 
Mershon,  R.  D. 
Metz,  H.  A. 

Monell,  A. 

Moody,  H.  R. 
Morehead,  J.  T. 
Morgan,  J.  L.  R. 
Nichols,  W.  H. 
Nichols,  W.  S. 
Nodell,  W.  L. 
Parker,  H.  C. 
Pattison,  F.  A. 
Prindle,  E.  J. 

Riker,  J.  J. 
Roberts,  I.  L. 
Roeber,  E.  F. 
Roller,  F.  W. 
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Rossi,  A.  J. 

Ruhl,  L. 

Rynard,  W.  T. 
Scholl,  G.  P. 
Schuetz,  F.  F. 
Scudder,  H. 

Seward,  G.  O. 

Sharp,  C.  H. 
Speiden,  C.  C. 

Spice,  R. 

Statham,  N. 

Stevens,  O.  B. 
Stovel,  R.  W. 

Stuetz,  E. 

Teeple,  J.  B. 
Thatcher,  C.  J. 
Thompson,  R.  N. 
Toch,  M. 

Tucker,  S.  A. 
Waldo,  L. 
Waterman,  F.  N. 
Weaver,  W.  D. 
Wells,  G.  A. 

Wells,  J.  S.  C. 
Wetzler,  J. 

White,  J.  G. 
Wigglesworth,  H. 
Wills,  L.  L. 

Winship,  W.  E. 
Wittnebel,  E.  S. 
Wolcott,  T. 

Wood,  E.  F. 

Niagara  Falls — 

Acheson,  E.  G. 
Acheson,  E.  G.,  Jr. 
Arison,  W.  H. 
Barton,  P.  P. 

Becket,  F.  M. 
Bennie,  P.  McN. 
Brindley,  G.  F. 
Carveth,  H.  R. 
Converse,  V.  G. 

Cox,  G.  E. 

Dunlap,  O.  E. 
FitzGerald,  F.  A.  J. 
Fowler,  R.  E. 

Giles,  I.  K. 

Hall,  C.  M. 

Hall,  S.  F. 

Harper,  J.  L. 
Haskell,  F.  W. 
Horry,  W.  S. 
Lidbury,  F.  A. 
MacMahon,  J. 
Marshall,  J.  G. 
Mauran,  M. 

Moritz,  C.  H. 
Phillips,  R. 

Reeve,  A.  G. 
Rodgers,  A.  G. 
Saunders,  L.  E. 
Sergeant,  E.  M. 
Smith,  E.  S. 

Smith,  W.  A. 
Speiden,  E.  C. 
Sprague,  E.  C. 
Stamps,  F.  A. 

Tone,  F.  J. 

Vaughn,  C.  F. 
Williamson,  A.  M. 

North  Tonawanda — 

King,  R.  O. 

Norwich — 

Stofer,  R.  C. 

Owego — 

Govers,  F.  X. 


Peekskill — 

Haug,  A. 

Penn  Yan — 

Taylor,  E.  R. 
Piermont— - 

Main,  W. 
Poughkeepsie — 

Moulton,  C.  W. 

Prince  Bay,  S.  I. 

Hammond,  J.  F. 
Johnston,  W.  A. 
Richmond  Hill,  L.  I. 

Haslwanter,  C. 
Rochester — 

Coit,  C.  W. 

Foster,  C.  E. 
Hutchings,  J.  T. 
Parker,  J.  C. 

White,  R.  H. 

Willard,  F.  H. 
Schenectady — 

Berg,  E.  J. 

Capp,  J.  A. 
Creighton,  E.  E.  F. 
Fink,  C.  G. 

Frodshain,  H. 
Lindsay,  C.  F. 

Marvin,  A.  B.,  Jr. 
Reist,  H.  G. 
Rushmore,  D.  B. 
Steinmetz,  C.  P. 
Whitney,  W.  R. 
Willey,  L,  M. 
Syracuse — 

Pennock,  J.  D. 

Sykes,  M.  W. 

Troy — 

Betts,  A.  G. 

Lincoln,  A.  T. 

Polk,  J.  L. 

Utica — 

Schiller,  F.  W. 

West  New  Brighton,  S.  I. 
Ingalls,  W.  R. 

Yonkers — 

Baekeland,  L. 
Harrington,  E.  I. 

NORTH  CAROLINA 
Chapel  Hill- 

Mills,  J.  E. 

Charlotte — 

Gilchrist,  P.  S. 

West  Raleigh — 

Browne,  W.  H. 

OHIO. 

Akron — 

Geer,  W.  C. 

Shaw,  E.  C. 

Wills,  J.  M. 

Cincinnati — 

Hutchinson,  E.  J. 
Cleveland — 

Brown,  J.  W. 

Clymer,  W.  R. 

Collins,  2d,  C.  L. 
Cowles,  A.  H. 

Crider,  J.  S. 

Forssell,  J. 

Graves,  W.  G. 
Hudson,  A.  J. 

Hyde,  E.  P. 

Koehler,  W. 

Smith,  A.  W. 
Whitlock,  E.  H. 
Woodward,  J.  M. 
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Columbus — 

Kerr,  C.  H. 

Morgans,  F.  D. 
Dayton — 

Deeds,  E.  A. 

East  Cleveland — 

Baker,  C.  E. 

Elyria — 

Little,  C.  A. 
Napoleon — 

Long,  G.  E. 

Salem — 

Davis,  D.  L. 

OREGON. 

Eugene — 

Shinn,  F.  L. 

PENNSYLVANIA. 
Allentown — 

Guerber,  A.  J. 
Altoona — 

Beckman,  J.  W. 
Casselberry,  H. 
Dudley,  C.  B. 
Walters,  H.  E. 
Ardmore — 

Arnold,  T.  H. 
Bethlehem — 

Buch,  N.  W. 

Landis,  W.  S. 

Rau,  A.  G. 

Colwyn — 

McConnell,  J.  Y. 
Easton — 

Adamson,  G.  P. 

Hart,  E. 

Gettysburg — 

Parsons,  L.  A. 
Grover — 

Giles,  D.  C. 

Hatboro — 

Buckley,  H. 

Ingram — 

Armor,  J.  C. 
Johnstown — 

Parkhurst,  C.  W. 
Marcus  Hook — 

Albrecht,  R. 

Oakmont — 

Thomas,  R.  D. 
Philadelphia — 

Bacon,  E.  W. 

Breed,  G. 

Clamer,  G.  H. 
Decker,  F.  A. 
Devereux,  W. 

Eglin,  W.  C.  L. 

Ely,  T.  N. 

Fahrig,  E. 
Fernberger,  H.  M. 
Fraley,  J.  C. 

Harris,  W.  D. 
Hering,  C. 

Hitchcock,  F.  R.  M. 
Howard,  G.  M. 

Keith,  N.  S. 

Kitsee,  I. 

Lafore,  J.  A. 

Lavino,  E.  J. 
McConnell,  J.  Y. 
Meyer,  J. 

Morgan,  - - - 

Morris,  H.  G. 
Northrup,  E.  F. 
Oliver,  F.  N. 

Paul,  H.  N. 

Perry,  R.  S. 


Queneau,  A.  L. 

Reed,  C.  J. 

Roepper,  C.  W. 
Russell,  C.  J. 

Sadtler,  S.  P. 

Sadtler,  S.  S. 

Salom,  P.  G. 
Schamberg,  M. 

Smith,  E.  F. 

Smith,  E.  W. 

Smith,  W. 

Snook,  H.  C. 
Steinmetz,  J.  A. 
Stevens,  J.  F. 
Taggart,  W.  T. 

Wahl,  W.  H. 
Williams,  H.  J. 
Pittsburgh — 

Barrett,  J.  M. 
Hartley,  R.  H. 

Isaacs,  A.  S. 

James,  J.  H. 

Kier,  S.  M. 

Lincoln,  P.  M. 
Merrill,  J.  L. 
Osborne,  L.  A. 
Pinkerton,  A. 
Rodman,  H. 
Schluederberg,  C.  G. 
Slocum,  F.  L. 
Snelling,  W.  O. 
Primos — 

Boericke,  G. 

Stein,  W.  M. 

Reading — 

Hiezmann,  L.  J. 
Scranton — 

Tidd,  G.  N. 
Sewickley — 

Wadsworth,  F.  L.  O 
Sharpsville — 

Klugh,  B.  G. 

South  Bethlehem — 

Franklin,  W.  S. 
Jones,  L.  J.  W. 
MacNutt,  B. 

Richards,  J.  W. 
Seyfert,  S.  S. 

State  College — 

Myers,  R.  E. 

Pond,  G.  G. 

Swissvale — 

Sturgess,  F.  M. 
Tarentum — 

Hitchcock,  H.  K. 
Uniontown — 

Baum,  I. 

Wilkensburg — 

Edge,  D. 

RHODE  ISLAND. 

Greene — 

Perry,  C.  M. 
Providence — - 

Catlin,  C.  A. 

Slade,  W.  C. 

SOUTH  DAKOTA. 
Aberdeen — 

Wellensiek,  A.  H. 

TENNESSEE. 
Chattanooga — 

Thomas,  B.  F. 

Copper  Hill — 

Guess,  G.  A. 
Nashville — 

Dudley,  W.  L. 
Washburn,  F.  S. 
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TEXAS. 

Austin — 

Harper,  H.  W. 
Lewis,  J.  B. 

Shoch,  E.  P. 

Fort  Worth — 

Boon,  J.  B. 
Galveston — 

Wichman,  H.  J. 

UTAH. 

Provo  City — 

Bennett,  E. 

Smith,  F.  W. 

Salt  Lake  City — 

Emery,  W.  L. 
Merrill,  J.  F. 

Prosser,  H.  A. 

VERMONT. 

Burlington — 

Freedman,  W.  H. 

VIRGINIA. 
Holcomb’s  Rock. 

Kugelgen,  F.  von 
Lee,  H.  R. 

Norfolk — 

Webb,  L.  W. 
Roanoke — 

Engle,  H.  M. 

WEST  VIRGINIA. 
Clarkesburg — 

Chorpening,  G.  B. 
Oesterle,  W.  F. 

Morgantown — 

Hite,  B.  H. 

WISCONSIN. 
Eau  Claire — 

Peirce,  A.  E. 

Fort  Atkinson — 

Ward,  L.  E. 
Janesville — 

North,  H.  B. 

Wray,  E. 

Madison — 

Aston,  J. 

Beebe,  M.  C. 

Burgess,  C.  F. 
Breckenridge,  J.  M. 
Hambuechen,  C. 
Hanks,  M.  W. 

Hirsch,  A. 
Kahlenberg,  L. 

Kney,  O. 

Kowalke,  O.  L. 

Mott,  W.  R. 

Watts.  O.  P. 
Zimmermann,  C.  I. 
Milwaukee — 

Kremers,  J.  G. 
Lathrop,  L.  H. 

Vogel,  G.  C. 
Zimmermann,  J.  G. 


AFRICA. 

Cape  Colony, 

Somerset,  West — 
Quinan,  K.  B. 


AUSTRALIA. 
Queensland — 

Mt.  Morgan — 

Du  Faur,  J.  B. 
Richard,  G.  A. 


NEW  SOUTH  WALES. 

Port  Kembla — 

Magnus,  B. 

White,  E.  A. 


AUSTRIA. 

Bohemia — 

Prague — 

Baborowsky,  G. 

Vienna — 

Paweck,  H. 


BELGIUM. 

Brussels — 

Solvay,  A. 


BRAZIL. 

Minas  Geraes — 

Wilder,  F.  L. 


CANADA. 

British  Columbia, 

Ileriot  Bay, 

Bagot,  C.  G.  S. 

Nelson — 

Fowler,  S.  S. 

Trail — 

Aldridge,  W.  H. 

Van  Couver — 

Kendall,  G.  R. 
Newfoundland, 

St.  John’s — 

Harvey,  E.  F. 
Ontario, 

Cobalt — 

Evans,  J.  W. 
Copper  Cliff — 

Browne,  D.  H. 
Kingston — 

Goodwin,  W.  L. 
Sault  Ste.  Marie — 

Rhodin,  B.  E.  F. 
Sjostedt,  E.  A. 
Toronto — 

Lewis,  H.  F. 

Miller,  WT.  L. 

Neil,  J.  M. 
Rosebrugh,  T.  R. 

Quebec, 

Buckingham — 

Gibbs,  W.  T. 
Montreal — 

Barnes,  H.  T. 
Brandeis,  C. 

Hough,  A. 
McIntosh,  D. 
Stansfield,  A. 
Walker,  J.  W. 
Ottawa — 

Haanel,  E. 

Haff,  M.  M. 
Shawenegan  Falls — 

Witherspoon,  R.  A. 


CUBA. 

Ensenada  de  Mora — 

Roush,  G.  A. 
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ENGLAND, 

Birmingham — 

Threlfall,  R. 
Liverpool — 

Smith,  A.  T. 
London — 

Ashcroft,  E.  A. 
Cowper-Coles,  S. 
Perkin,  F.  M. 
Ruthenburg,  M. 
Shields,  J. 
Manchester — 

Creigh,  E.  C. 
Hutton,  R.  S. 
Pring,  J.  N. 

N  arbor  ough  Hill — 
Ewing,  A.  J. 

N  e  wcastle-  upon-  Tyn  e — 
Leathart,  J.  G. 
Merz,  C.  H. 
Sheffield— 

Hadfield,  R.  A. 
St.  Helens — 

Le  Mare,  E.  B. 


FINLAND 

Helsingfors — 

Oholm,  L.  W. 


INDIA. 

Calcutta — 

Rudra,  S.  C. 
Sivassaniudram — 

Hobble,  A.  C. 


ITALY. 

B  ussi- Afficienne — 
Dapples,  A. 
Porto  Ferraio — 

Catani,  R. 
Rome — 

Giolitti,  F. 
Morani,  F. 

Turin — 

Chiaraviglio,  D. 


JAPAN. 

Kure — 

Tada,  S. 

Kyoto — 

Namba,  M. 
Yoshikawa,  K. 
Tokyo — 

Kishi,  K. 
Masujima,  B. 
Shinjo,  Y. 


FRANCE. 

Albertville — 

Aubry,  H. 

Nancy — 

Arth,  G. 

Paris — 

Drake,  F.  E. 

Gall,  H. 

Garfield,  A.  S. 
Gin,  G. 

Marie,  C.  A. 

Riva  Berin,  A.de 


GERMANY7. 

Berlin — 

Deissler,  R. 

Charlottenburg — 

Engelhardt,  V. 
Dusseklorf-Reisholz — 
Higgins,  F.  W. 
Essen-Rulir — 

Goldschmidt,  H. 
Frankfurt,  a|M. 

de  Neufville,  R. 
Glenck,  1.  A.  H, 
Liebmann,  L. 
Hamburg — 

Wohlwill,  H. 
Hanau — 

Heraeus,  H. 
Hochst,  a|M. 
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CHEMICAL  ENERGY. 

By  J.  E.  Mills. 

If  16  grams  of  oxygen  gas  at  o°  C  are,  placed  in  contact 
with  2.016  grams  of  hydrogen  gas  at  the  same  temperature, 
and  both  under  atmospheric  pressure,  no  reaction  is  evident. 
But  if  a  negligible  amount  of  heat  be  supplied  to  the  mixture 
in  the  form  of  an  electric  spark,  a  violent  reaction  takes  place, 
and  18.016  grams  of  water  are  formed  and  68,511*  calories  of 
heat  are  given  out.  If  the  reaction  took  place  at  a  different 
temperature,  or  under  different  conditions  of  pressure  or  vol¬ 
ume,  the  amount  of  heat  evolved  would  have  been  different, 
but  the  chemical  reaction  in  each  case  would  have  been  the 
same. 

From  whence  came  the  enormous  amount  of  heat  given  out  by 
the  reaction?  Why  and  how  does  the  amount  of  heat  given 
out  vary  under  different  conditions?  Why  did  not  the  reaction 
take  place  when  the  hydrogen  and  oxygen  were  first  mixed? 

It  is  the  purpose  of  this  paper  to  answer  these  questions  and 
to  point  out  certain  facts  concerning  chemical  energy  and  certain 
possibilities  regarding  the  relation  of  chemical  energy  to  elec¬ 
trical  and  other  forms  of  energy. 

the  source:  or  the:  e:ne:rgy  give:n  out  by  the:  reaction. 

If  the  term  “absolute  zero  of  temperature”  be  used,  some  one 
will  object  that  there  may  be  no  absolute  zero  of  temperature, 
that  we  are  not  certain  of  the  existence  of  molecules,  and  that 
if  they  do  exist  we  certainly  do  not  know  that  they  cease  to  move 
at  the  so-called  absolute  zero.  Granting  for  the  present  the 
validity  of  the  objection,  we  will  not  use  the  term  absolute  zero, 

*  Mixter,  Amer.  Jour,  of  Science  [4],  16,  214  (1903).  The  value  given  is  the 
mean  of  the  values  obtained  by  Thomsen,  Schuller  and  Wartha,  Than,  and  Mixter, 
after  reduction  to  the  calorie  at  150  to  160  as  the  unit.  Mixter  thinks  the  value 
correct  to  one-tenth  ot  one  per  cent. 
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but  will  speak  of  —  273  °  C.  No  one  will  deny  the  existence  of 
that  temperature  since  a  temperature  below' —  260°  C  has  already* 
been  reached. 

For  reasons  which  will  appear  later  I  wish  to  get  the  total 
amount  of  heat  necessary  to  raise  2.016  grams  of  hydrogen,  and 
16  grams  of  oxygen,  and  18.016  grams  of  water  (ice),  from 
—  27 30  C  to  o°  C.  The  measurements  given  in  the  table  below 
enable  this  data  to  be  obtained  correct  to  within  a  few  calories. 


Melting 

Point 

Boiling 

Point 

Specific 
Heat  of 
Solid 

Specific  Heat 

Heat  of  of 

Liquid  Fusion 

Heat  of 
Vaporiza¬ 
tion 

Specific 
Heat 
of  Gas 

Hydrogen 

— 258.91 

— 252  591 

2-32 

43  16s 

I23  I3 

3  4'°4 

Oxygen 

— 2273 

— 182.801 

O.252 

O.347 5  .  . 

50  97s 

0  2  756 

Water 

O 

IOO 

O.2943 

I  OOO  79. 90  7 

The  total  heat  necessary  to  raise  these  substances  from  — 
27 30  to  o°  C  may  therefore  be  estimated  as  follows: 


Hydrogen  (1  gram). 

Specific  heat  of  solid,  — -273°  to  — 258.9°  =  14. 1  X  2.3.  .  = 

Latent  heat  of  fusion  .  = 

Specific  heat  of  liquid,  — 258.9°  to  — 252.59°  =  6.31  X  3.4  = 

Latent  heat  of  vaporization  .  = 

Specific  heat  of  gas,  — 252.59  to  o°  —  252.59  X  3.410..  = 


32.4  calories 
16 

21.4 
123.1 

861.3  “ 


Total  heat,  — 273°  to  o°C  for  1  gram .  =  1,054.2 

Total  heat,  — 273°  to  o°C  for  2.016  grams .  =  2,125.2 


Oxygen  (1  gram). 

Specific  heat  of  solid,  — 273°  to  — 227°  =  46  X  0.25.  .  k  — 

Latent  heat  of  fusion,  estimated .  = 

Specific  heat  of  liquid, — 227°  to — 182.8°  =44.2  X  0.347.  = 

Latent  heat  of  vaporization .  = 

Specific  heat  of  gas,  — 182.8°  to  0°  =  182.8  X  0.2175..  = 


11.50 

570 

15-34 

50.97 

39-75 


calories 

<< 

U 

(6 


Total  heat,  — 273°  to  o°C  for  1  gram .  =  123.26 

Total  heat,  — 273°  to  o°C  for  16  grams .  =  1,972.2 


1  Travers,  Senter  an®  Jaquerod,  Phil.  Trans.,  200A,  170  (1903). 

2  This  value  was  estimated  by  Kopp  from  the  specific  heat  of  its  solid  compounds. 
We  know  almost  with  certainty  that  the  specific  heat  of  the  solid  is  not  so  great  as 
the  specific  heat  of  the  liquid,  and  probably  the  value  given  is  nearly  correct. 

3  Dewar,  Proc.  Roy.  Soc.,  76A,  325  (1905);  69,  361  (1902);  73,  251  (1904).  He 
determined  the  specific  heat  of  ice,  — 232.6  to  — 188  =  0.146,  — 78  to  — 188  =  0.285, 
— 78  to  — 180  =  0.463. 

4  Wiedemann,  Pogg.  Ann.,  157,  1  (1876);  Phil.  Mag  [5]  2,  81  (1876). 

®  Alt,  Zeit,  Phys.  Chem;,  51,  252  (1905);  Phys.  Zeits.,  6,  346  (1905);  Ann  der 
Physik,  13,  1010  (1904);  Dissertation,  Miinchen,  1903. 

6  Regnault,  Mem.  de  P  Acad.,  26,  1  (1862). 

7  Smith,  Phys.  Rev.,  17,  *193  (1903). 


CHEMICAL  ENERGY. 


37 


Water  (i  gram). 


Specific  heat  of  solid,  273  °  to  o° .  =  80.34  calories 

Latent  heat  of  fusion  .  —  79-90 


Total  heat,  — 2730  to  o°C  for  1  gram .  =  160.24 

Total  heat,  — 2730  to  o°C  for  18.016  grams .  =  2,886.9 


The  18.016  grams  of  water  at  o°  C  contain,  therefore,  at  least 
2,887  calories,  and  since  68,511  calories  of  heat  were  given  out 
by  the  reaction  of  the  hydrogen  and  oxygen  gases, '  these  gases 
before  the  reaction  contained  at  least  71,398  calories  of  energy. 
Of  this  total  amount  of  energy,  2,125  calories  were  supplied  to 
the  2.016  grams  of  hydrogen,  and  1,972  calories  were  supplied 
to  the  16  grams  of  oxygen,  in  converting  them  from  the  solid 
condition  at  —  273°  C  to  the  gaseous  condition  at  o°  C  —  a 
total  of  4,097  calories.  It  follows,  therefore,  that  while  in  the 
solid  condition  at  —  273°  C  the  oxygen  and  hydrogen  contained 
at  least  71,398  • — •  4,097  =  67,301  calories  of  energy.  Now 
Dewar8  has  shown,  by  slight  extrapolation  of  measurements 
extending  to  —  258.9°  C  that  the  molecular  volume  of  oxygen 
at  —  273°  C  is  21.21  c.c.,  of  hydrogen  24.18  c.c.,  and  of  ice 
19.21  c.c. 

Therefore  the  16  grams  of  oxygen  and  the  2.016  grams  of 
hydrogen  together  at  —  275  0  C  occupy  34.78  c.c.,  and  when 
occupying  this  volume  at  that  temperature  they  contain  67,300 
calories  more  of  energy  than  does  the  18.016  grams  of  ice  which 
they  form  if  united,  and  which  occupies  a  volume  of  19.21  c.c. 

There  is  no  supposition  whatever  connected  with  this  fact, 
except  the  slight  uncertainty  due  to  the  measurements  and  their 
extrapolation,  and  this  uncertainty  is  probably  not  greater  than 
100  calories.  A  study  of  substances  with  higher  melting  points 
confirms  the  view  that  the  errors  introduced  by  the  extrapolation 
are  very  slight,  and  we  feel  confident  in  the  practical  accuracy 
of  our  statement. 

The  total  energy  possessed  by  the  hydrogen  and  oxygen  at 
—  273°  C  is  probably  very  much  more  than  67,300  calories,  and 
may  be  many  times  that  amount,  for  we  have  no  evidence  what¬ 
ever  as  to  the  energy  which  the  ice  possesses  at  that  temperature. 
We  only  know  that  the  energy  of  the  ice  is  67,300  calories  less 
than  the  amount  possessed  by  the  equivalent  hydrogen  and  oxy- 

8  Dewar,  Proc.  Roy.  Soc.,  73,  251  (1904). 


38 


J.  E.  MllylyS. 


gen  before  the  combination.  The  ice  may,  and  in  our  opinion 
certainly  does,  .possess  a  vast  amount  of  energy.  Its  store  of 
energy  is  perhaps  comparable  to  that  possessed  by  radium. 

In  what  form  does  the  67,300  calories  of  energy  possessed  by 
the  34.78  c.c.  of  hydrogen  and  oxygen  at  —  27 30  C  exist? 
The  answer  to  the  question,  “What  is  energy?”  and  “What  is 
matter?”  must  both  be  given  before  any  sufficient  answer  to  the 
first  question  could  be  made.  But  there  is  certainly  no  harm  in 
stating  what  we  do  know  concerning  the  answer  to  that  question, 
and  it  is  this : 

If  the  same  mechanical  laws  which  govern  larger  masses  of 
matter  and  energy  at  higher  temperatures  apply  to  the  hydrogen 
and  oxygen  at  —  273°  C,  then  a  stable  system  could  not  exist 
if  all  of  the  energy  were  kinetic,  or  if  all  of  the  energy  were 
potential ,9  but  some  portion  of  the  energy  must  be  potential  and 
some  portion  must  be  kinetic. 

There  has  never  been  the  slightest  evidence  produced  to  show 
that  these  mechanical  laws  do  cease  to  hold  at  —  273  0  C,  or 
with  small  subdivisions  of  mass,  and  therefore  we  think  it  prob¬ 
able  that  at  —  273°  C  the  small  particles — atoms  if  you  please  to 
call  them  so — of  hydrogen  and  oxygen,  are  in  exceedingly  rapid 
motion,  and  are  held  together  by  some  force  which  gives  rise  to 
a  potential  energy.  The  force  we  will  call  chemical  affinity,  and 
the  energy  we  will  call  chemical  energy. 

It  is  not  out  of  place  to  point  out  here,  for  it  is  very  sug¬ 
gestive,  that  if  we  have  two  masses  of  matter  which  attract  each 
other  inversely  as  the  square  of  their  distance  apart,  and  which 
form  a  stable  system,  they  will  revolve  around  their  common 
center  of  gravity,  and  they  cannot  give  out  a  greater  amount  of 
energy  than  they  retain  as  kinetic  energy.  Just  what  relation 
would  hold  if  we  had  numerous  particles  governed  by  the  same 
laws,  mathematics  has  not  yet  proved  adequate  to  reveal.  The 
relation  may  be  a  very  simple  one  in  spite  of  the  mathematical 
complexity  of  the  problem. 

The  answer  to  our  first  question  is,  therefore,  that  67,300 
calories  of  the  total  energy  possessed  by  the  2.016  grams  of 
hydrogen  and  the  16  grams  of  oxygen  at  o°  C  existed  in  some 

6  See  Meyer,  Kinetic  Theory  of  Gases,  p.  344,  English  translation  of  second 
revised  edition. 


CHEMICAL  ENERGY. 


39 


form  in  those  substances  at  —  273  °  C,  and  4,097  calories  of 
energy  were  added  in  raising  those  substances  to  o°  C  and 
changing  them  to  the  gaseous  condition. 

energy  changes  caused  by  a  rise  in  TEMPERATURE. 

We  wish  next  to  show  why  4,097  calories  of  energy  were 
necessary  to  change  the  temperature  and  condition  of  the  hydro¬ 
gen  and  oxygen  as  described. 

Of  this  amount  of  energy  2,125  calories  were  added  to  the 
hydrogen.  Now  the  hydrogen  at  —  273°  C  originally  occupied 
a  volume  of  24.18  c.c.,  and  at  o°  C  it  occupied  a  volume  of 
22,431  c.c.  This  expansion  necessitated  the  expenditure  of  work 
in  pushing  back  the  atmosphere.  The  work  so  done  we  will 
call  Ee,  and  it  may  be  calculated  for  one  gram  from  the  equation : 

(1) .  Ee  =  0.000031833  P  (V  —  v)  10  calories, 

where  P  is  the  pressure  in  millimeters  of  mercury,  and  V  is  the 
final  and  v  the  original  volume.  For  hydrogen,  therefore,  the 
external  work  performed  during  the  expansion  is  0.000031833  X 
760  (11,126.4  —  12. 1 )  2.016  —  542.1  calories. 

During  the  expansion  of  the  hydrogen  the  molecules  of  the 
hydrogen  were  moved  further  apart,  and  a  certain  amount  of 
energy  was  necessary  to  overcome  the  attraction  between  the 
hydrogen  molecules.  This  amount  of  energy,  which  we  will  de¬ 
note  by  Ea,  may  be  calculated,  as  the  author  has  shown  in  a 
series  of  papers,11  from  the  equation : 

(2) .  E a  =  \j!  (iXd- —  tPd~)  calories. 

where  d  and  D  are  the  density  in  the  original  and  final  conditions 
respectively,  and  /x'  is  a  constant  which  may  be  obtained  from 
the  following  equation : 


10  The  constants  used  in  this  paper  are: 

Density  of  mercury  =  13-5956  at  o°  referred  to  water  at  4°C. 

Attraction  of  gravity  =  980.5966  at  latitude  450  and  sea  level. 

Atomic  weight  of  oxygen  =  16.00. 

Density  of  hydrogen  at  latitude  45 0  and  sea  level  =  0.0000898765. 

This  is  an  average  of  the  values  given  by  Morley,  Smithsonian  Contributions  to 
Knowledge,  No.  980,  and  the  value  given  by  Rayleigh,  Proc.  Roy.  Soc.,  53,  No.  322, 
147,  after  reduction  to  latitude  45 °.  Rayleigh’s  value  was  an  average  of  his  own 
value,  that  of  Leduc,  and  the  value  of  Regnault  as  corrected  by  Crafts. 

The  unit  calorie  is  taken  as  from  15 0  to  i6°C  and  as  equal  to  41,880,000  ergs. 
This  is  Rowland’s  value  as  corrected  by  Day,  Phys.  Rev.,  6,  194  (1898).  See  also 
Ber.  dtsch.  Physik.  Ges.,  6,  p,  578. 

11  Jour.  Phys.  Chem.,  6  209  (1902);  8,  383  (1904);  8,  593  (1904);  9,  402  (1905); 
10,  1  (1906);  11,  132  (1907);  11,  594  (1907).  The  equation  has  been  proved  to  hold 
for  liquids  as  they  expand  to  the  volume  of  the  saturated  vapor.  The  author  be¬ 
lieves  that  the  equation,  which  was  theoretically  derived,  may  be  applied  as  above,, 
and  the  result  appears  to  justify  the  belief. 
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L  —  Ee 

Va/d— |>VD 


Here  L  is  the  heat  of  vaporization,  Ee  is  the  energy  spent  in 
pushing  back  the  atmosphere  during  the  vaporization,  and  is 
calculated  from  equation  ( i ) ,  d  is  the  density  of  the  liquid,  and  D 
the  density  of  the  saturated  vapor  at  the  temperature  of  vapori¬ 
zation. 

To  calculate  X  for  hydrogen,  L  =  123.1  calories.  The  density 
of  the  liquid  at  its  boiling  point  has  been  determined  by  Dewar 
as  0.070025,  corresponding  to  a  volume  of  14.28  c.c.  per  gram. 
The  density  of  the  saturated  vapor  may  be  calculated  on  the 
supposition  that  it  obeys  the  gas  laws,  the  error  so  introduced 
being  negligible.  The  equation  for  this  calculation  is : 


(4). 


D  = 


.000016014  Pm 

“T~ 


Since  T  is  20.41  °,  D  becomes  0.001202,  and  the  corresponding 
volume  is  831.9  c.c.  From  equation  (1),  Ee  is  found  to  be  19.78 
calories,  and  L  —  Ee  is  therefore  103.32.  Dividing  this  by  the 
value  of  s\/d  —  S\/D,  namely,  0.3059,  we  have  for  X  the  value 
337.7.  Substituting  this  value  in  equation  (2),  and  using  for 
d  the  density  of  hydrogen  at  —  273°  C  as  given  by  Dewar, 
0.08272,  and  for  D  the  value  already  given  at  o°  under  standard 
conditions,  namely  0.00008988,  we  have  finally, 

Ea  =  337.7  X  .3909  X  2.016  =  266.1  calories. 

It  is  not  necessary  to  pause  here  to  defend  the  kinetic  theory 
of  gases.  That  theory  represents  the  attempt  to  extend  the 
mechanical  laws  which  govern  large  masses  of  matter  to  smaller 
particles  of  the  same  material.  Its  foundation  upon  these  me¬ 
chanical  laws  is  quite  as  secure  as  are  the  foundations  of  any 
system  of  thermodynamics  yet  advanced — both  theories  alike 
resting  upon  observed  laws  to  which  no  single  exception  has 
ever  been  found.  Moreover  it  has  led  to  important  discoveries 
and  correllated  numerous  facts. 

Making  use  now  of  the  kinetic  theory,  it  is  easy  to  calculate 
the  energy  necessary  to  add  to  the  gram  molecular  weight  of 
hydrogen  in  order  that  its  molecules  should  have  at  o°  C  suffi¬ 
cient  motion  to  produce  the  pressure  which  we  know  is  produced 
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at  that  temperature.  Using  the  constants  which  we  have 
adopted,  and  calling  this  kinetic  energy  Ek,  the  equation  takes 
the  form : 

(5).'  Ek  =  YR  T  =  2-fcT  calories. 

2  m 

Whence  the  kinetic  energy  of  the  gram  molecular  weight  of 
hydrogen  at  o°  C  is  814.0  calories. 

We  know  also  from  the  kinetic  theory  of  gases  that  when¬ 
ever  we  increase  the  kinetic  energy  of  a  molecule  we  at  the  same 
time  increase  its  internal  energy,  which  we  will  call  Ei.  The  in¬ 
crease  in  the  internal  energy  is  proportional  to  the  increase  of  the 
kinetic  energy,  and  its  amount  may  be  calculated  from  the  rela¬ 
tion  first  proposed  by  Waterston,  namely, 

specific  heat  of  gas  at  constant  pressure 
y  specific  heat  of  gas  at  constant  volume 

Sp  _  3/2  R  +  Ei  +  R  __  5I2  R  +  Ei 
Sv  3/2  R  +  Ei  3/ 2  R  -h  Ei 

Ek 

Now  putting  in  the  place  of  R  its  value  2/3  ,  and  solving 

for  Ei  ,  we  obtain  finally,  since  T  is  equal  to  1  ; 

(7).  Ei  =  — - -  Ek  calories. 

7  —  1 

For  hydrogen  y  =  1.4084  from  the  measurements  of  Lummer 
and  Pringsheim,12  and  so  we  have  for  Ei  for  2.016  grams  of 
hydrogen,  514.6  calories. 

As  a  summary,  therefore,  we  have  for  the  total  energy  neces¬ 
sary  to  change  2.016  grams  of  hydrogen  from  the  solid  condition 
at  —  273°  C  to  the  gaseous  condition  at  o°  C  under  760  mms 
pressure : 

Fe  —  Energy  necessary  to  overcome  external  pressure  =  542-1  calories 

Ea  =  Energy  necessary  to  overcome  molecular  attraction  =  266.1 

Ek  =  Energy  necessary  for  translational  motion .  =  814.0 

Ei  —  Energy  necessary  for  internal  work .  =  5T4-6 

Total  .  =  2,136.8  “ 


12  Smithsonian  Contributions  to  Knowledge,  No.  1126. 
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Now,  as  a  matter  of  observation,  we  found  that  2,125  calories 
were  added  to  effect  the  above-mentioned  change  in  the  condi¬ 
tion  of  the  hydrogen,  and  the  agreement  is  certainly  within  the 
limit  of  experimental  errors  involved  in  the  measurements: 

An  exactly  similar  calculation  regarding  the  energy  added  to 
the  oxygen  can  be  made  from  the  following  data : 

Density  of  solid  at  — 273 0 C . 

Density  of  liquid  at  boiling  point . 

Density  of  vapor  at  its  boiling  point . 

Density  of  oxygen  at  o°C . 

Boiling  point  of  oxygen . 

y  =  Ratio  of  specific  heats  of  this  gas . 

Heat  of  vaporization  of  oxygen  at  boiling  point... 

From  the  above  L  —  Ee  =  4549  calories,  and  fir 

We  have  finally  for  the  energy  necessary  to  change  one  gram 
of  oxygen  from  the  solid  condition  at  —  273°  C  to  the  gaseous 
condition  at  o°  C  and  under  760  mms.  pressure : 

Ee  =:  Energy  necessary  to  overcome  external  pressure.  .  =  16.89  calories 

Ea  =  Energy  necessary  to  overcome  molecular  attraction  =  53.62 

Ek  =  Energy  necessary  for  translational  motion .  =  25.44 

Ei  =  Energy  necessary  for  internal  work .  ==  16.69 

Total  . .  =  112.64 

To  effect  the  above-mentioned  change  for  16  grams  of  oxygen 
will  require  1,802  calories.  The  amount  actually  added  to  the 
oxygen  was  found  to  be  1,972  calories. 

The  divergence  here,  amounting  to  about  10  calories  per 
gram,  cannot,  we  believe,  be  considered  as  entirely  due  to  experi¬ 
mental  error,  and  we  have  made  an  extended  investigation  as  to 
its  cause.  As  a  result  of  this  investigation,  the  details  of  which 
it  would  be  impossible  to  reproduce  within  the  limits  of  this 
paper,  we  believe  that  besides  the  so-called  external,  attractive, 
kinetic  and  internal  energy,  for  which  allowance  has  been  made, 
all  bodies,  while  in  the  solid  condition  require  yet  an  additional 

1  Dewar,  Proc.  Roy.  Soc.,  73,  251  (1904). 

2  Ladenburg  and  Kriigel,  Ber.  d.  deutsch.  Chem.  Ges.,  32,  1415  (1899). 

3  Dewar,  Proc.  Roy.  Soc.,  73,  255  (1904). 

4  For  authorities',  see  note  on  the  density  of  hydrogen  p.  5. 

B  See  Note  1,  Table  I. 

6  Muller,  Dissertation,  Breslau,  1882. 

7  See  Note  5,  Table  I. 
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—  0.004403 

—  0.0014291 

=  — i82.8°C5 

=  140256 

=  50.97  calories’ 

=  51.74 
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amount  of  energy,  the  exact  office  of  which  we  are  unable  to 
explain.  The  amount  of  this  unaccounted  for  energy  varies 
with  the  absolute  temperature  of  the  melting  point  of  the  body. 
In  the  case  of  hydrogen  because  of  its  very  low  melting  point, 
140  absolute,  the  amount  thus  unaccounted  for  was  well  within 
the  limit  of  experimental  error.  But  with  oxygen  this  is  not 
the  case. 

We  are  led  here  to  add  that  the  total  energy  necessary  to 
change  a  solid  monatomic  element  from  —  273°  to  the  liquid 
condition  at  its  melting  point,  appears  to  us  to  be  three  times 
the  kinetic  energy  of  translation  required  by  the  element  at  that 
temperature;  or,  in  other  words,  8.94  T  calories,  where  T  is  the 
absolute  temperature  of  the  melting  point.  Prof.  J.  W.  Rich¬ 
ards13  has  reached  nearly  the  same  conclusion,  considering  the 
total  heat  in  the  molten  metal  at  its  melting  point  to  be  10  T 
calories.  We  will  publish  our  data  and  conclusions  upon  this 
subject  later. 

Unfortunately  our  calculations  cannot  be  extended  to  water, 
for  it  is  an  associated  substance. 

Except  for  the  discrepancy  of  170  calories,  we  have  shown 
why  and  how  the  4,097  calories  of  energy  added  to  the  hydrogen 
and  oxygen  to  change  them  from  their  condition  at  —  273°  C 
to  their  condition  at  o°  C  were  expended,  and  have,  therefore, 
in  part  at  least,  answered  the  second  question  as  to  why  and 
how  the  amount  of  heat  given  out  by  the  reaction  of  the  hydro¬ 
gen  and  oxygen  will  vary  under  different  conditions  of  volume, 
temperature  and  pressure. 

THE  CHEMICAL  CHANGES  INVOLVED  IN  THE  REACTION. 

The  answer  to  the  third  question  as  to  why  the  reaction  did 
not  take  place  when  the  hydrogen  and  oxygen  were  first  mixed, 
and  before  the  passage  of  the  electric  spark,  has  doubtless 
occurred  to  every  one.  It  was  first  necessary  to  loosen  the 
union  of  some  of  the  hydrogen  atoms  from  their  combination 
with  other  hydrogen  atoms,  and  the  union  of  some  of  the  oxygen 
atoms  from  their  combination  with  other  oxygen  atoms.  Then 
once  free,  the  hydrogen  atoms  and  the  oxygen  atoms  unite, 
and  in  so  doing  give  out  enough  heat  to  loosen  the  neighboring 

18  Trans.  Amer.  Electrochem.  Soc.,  13,  447  (1908). 
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hydrogen  and  oxygen  molecules,  and  these  in  their  turn  unite, 
and  thus  the  reaction  is  propagated. 

But  it  is  perhaps  not  so  clearly  recognized,  that  the  force 
which  we  call  chemical  affinity,  is  probably  never  directly 
affected  by  a  rise  in  temperature.  Certainly  in  the  case  under 
consideration  we  have  accounted  for  all  of  the  energy  added 
to  the  hydrogen  and  the  oxygen  from  —  273°  to  o°  C,  save  170 
calories,  as  having  been  used  to  effect  external  work,  overcome 
molecular  attraction,  and  effect  an  increase  in  the  translational 
and  internal  motion  of  the  molecules,  and  the  original  67,300 
calories  possessed  at  —  273°  C  appears  to  have  been  held,  intact 
as  it  were,  neither  increased  nor  diminished,  by  the  changes  of 
temperature,  pressure,  and  volume  necessary  to  raise  the  hydro¬ 
gen  and  oxygen  to  their  condition  at  o°  C. 

The  67,300  calories  represents  the  total  energy  change  of  the 
three  chemical  reactions, 

H2  =  H  +  H, 

1/2O2  =  1/2  (O  +  O), 

H  +  H  +  O  =  H.O, 

when  taking  place  at  —  273°  C. 

We  cannot  at  present  determine  how  much  energy  would  be 
required  by  each  reaction  if  it  alone  took  place,  but  when  a  suffi¬ 
cient  number  of  well-chosen  chemical  reactions  have  been  thus 
studied  it  may  be  possible  to  find  the  key  to  all,  and  to  deter¬ 
mine  not  alone  the  force  which  acts  between  any  two  atoms, 
but  the  law  which  governs  the  distance  apart  of  the  atoms  as  well, 
and  the  exact  amount  of  energy  which  will  be  given  out  by  the 
different  chemical  and  physical  changes  involved.  A  study  of 
the  energy  changes  accompanying,  and  the  conditions  necessary 
for,  the  dissociation  of  simple  molecules  should  greatly  aid  in  the 
solution  of  the  problem. 

CONCLUSIONS  SUGGESTED  REGARDING  CHEMICAL  ENERGY. 

The  study  of  chemical  energy  as  set  forth  in  this  paper  has 
covered  but  a  small  portion  of  the  field.  The  electron  theory, 
the  valency  theory  of  Barlow  and  Pope,14  the  work  of  Traube15 

14  Jour.  Chem.  Soc.,  89,  1675  (1906);  91,  1150  (1907). 

15  Numerous  papers.  Among  others,  his  Grundriss  d.  phys.  Chemie;  Boltzmann: 
Festschrift  (1904);  Zeit.  Anorg.  Chemie,  40,  380  (1904);  Sammlung,  Chemischer  und 
chemisch-technisclaer  Vortrage,  4,  255;  Berichte,  40,  130,  723,  734,  2341  (1907.) 
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upon  atomic  volumes,  of  T.  W.  Richards16  upon  the  compressi¬ 
bility  of  the  elements  and  the  relations  of  volume  to  chemical 
energy,  and  of  Werner17  upon  the  conductivity  and  valency  rela¬ 
tions  of  certain  classes  of  organic  compounds,  all  cpnstitute 
recent  notable  advances  in  our  knowledge  of  chemical  force  and 
its  action.  I  make  no  attempt  to  consider  the  entire  field.  In 
my  own  study  of  molecular  and  chemical  attraction  I  have  been 
most  forcibly  impressed  by  the  possible  truth  of  three  ideas : 

First. — That  the  attractive  forces ,  whatever,  their  nature, 
whether  chemical,  molecular,  magnetic,  electrical,  or  gravita¬ 
tional,  which  proceed  from  a  particle  are  definite  in  amount . 
If  this  attraction  is  exerted  upon  another  particle  the  amount  of 
the  attraction  remaining  to  be  exerted  upon  other  particles  is 
diminished  by  an  exactly  equivalent  amount. 

Second. — In  the  general  resemblance  between  all  of  the  attrac¬ 
tive  forces  as  shown  by  the  following  summary : 


Force 

Medium  of 
Propaga¬ 
tion 

Effect  of 
Tempera¬ 
ture 

Is  the  At¬ 
traction 
Neutral¬ 
ized? 

Is  the  At¬ 
traction 
Directive? 

Law  of  Dis¬ 
tance,  d 

Numerator  Factor  of 
Force 

Chemical 

Ether 

No 

Effect 

Neutralized 

Yes 

? 

Nature  of  y  Nature  of 
Atom  ^  Atom 

Molecular 

<< 

No 

Effect 

Neutralized 

p 

I 

d 2 

Nature  of  ^  Nature  of 
Molecule  ^  Molecule 

Magnetic 

a 

? 

Neutralized 

Yes 

I 

d2 

Strength  v  Strength 
of  Pole  ^  of  Pole 

Electrical 

<  < 

? 

Neutralized 

,Yes 

1 

n* 

Charge  X  Charge 

Gravitational 

<  < 

No 

Effect 

Not 

Neutralized 

No 

I 

d2 

Mass  X  Mass 

This  table  I  have  given,  and  to  some  extent  discussed  in  a 
previous  paper,18  and  I  have  there  suggested  that  possibly  all  of 
the  attractive  forces  in  reality  obey  the  same  law,  and  that  the 
apparent  exceptions  are  caused  by  our  incomplete  knowledge  of 

18  Proc.  Amer.  Acad.,  37,  3  (1901);  37,  399  (1901)  ;  38,  293  (1902);  39,  581 
(1904).  The  Compressibilities  of  the  Elements  and  Their  Periodic  Relations. 

17  Berichte,  40,  15  (1907),  and  numerous  other  papers. 

18  Jour.  Phys.  Chem.,  11,  157  (1907). 
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the  facts  and  a  misunderstanding  of  their  true  relationship. 
Thus  Newton  thought  that  molecular  attraction  could  not  be 
explained  as  due  to  gravitational  attraction  acting  between  the 
extremely  small  molecular  distances,  because  the  gravitational 
force  was  by  no  means  great  enough  to  account  for  the  molec¬ 
ular  cohesion  observed,  and  because  the  molecular  cohesion 
diminished  too  rapidly  with  the  distance  apart  of  the  molecules. 
Yet  as  evidence  against  this  view  the  author  has  shown19  that 
the  equation  deduced  by  Helmholtz  to  represent  the  energy  given 
out  by  the  sun  on  contraction  under  the  influence  of  gravitation, 
can  be  used  to  accurately  calculate  the  energy  given  out  by  a 
substance  in  changing  from  the  gaseous  to  the  liquid  condition, 
provided  only  that  the  constant  of  Helmholtz’s  equation  be 
changed. 

Newton  did  not  consider  that  the  total  available  attraction  of 
a  molecule  was  diminished  by  its  attraction  for  other  molecules. 
In  effect  Newton’s  idea  makes  both  molecular  and  gravitational 
attraction  infinite  in  amount,  or  at  least  capable  of  infinite  multi¬ 
plication  by  the  introduction  of  new  particles.  If  the  attractive 
forces  proceeding  from  a  particle  are  definite  in  amount,  then 
it  is  possible,  I  think,  that  the  molecular  attraction  is  merely  the 
residual  chemical  attraction,  and  gravitational  attraction  is  the 
residual  molecular  attraction.  Magnetic  force  is  possibly  a  man¬ 
ifestation  of  molecular  attraction,  and  electrical  force  is  possibly 
identical  with  chemical  force. 

In  the  paper  cited  above,  we  have  discussed  this  idea  somewhat 
more  in  detail,  and  have  there  suggested  that  possibly  all  of  the 
attractive  forces  could  be  measured  by 

amount  of  attraction  neutralized  ^  amount  of  attraction  neutralized 

at  unit  distance  at  unit  distance 

_ 

where  d  is  the  distance  apart  of  the  attracting  particles. 

The  view  which  we  have  expressed  above  enables  us  to  obtain 
a  very  clear  idea  of  the  theoretical  significance  of  temperature 
and  the  absolute  zero.  If  the  atoms  of  a  substance  be  supposed 
at  an  infinite  distance  apart,  the  total  energy  possessed  by  an 
atom  may  be  of  two  kinds.  First,  the  potential  energy  of  its 

10  Jour.  Phys.  Chem.,  11,  145  to  153  (1907). 
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own  attractive  force,  and  second,  a  possible  energy  of  trans¬ 
lational  motion.  This  latter  motion,  under  the  conditions  named, 
would  be  a  measure  of  the  temperature  of  the  body.  Now  as 
the  atoms  move  closer  together,  the  potential  energy  of  attraction 
is  partially  transformed  into  translational  motion,  but  this  addi¬ 
tional  motion  of  the  atom  so  gained  is  not  entirely  motion  which 
constitutes  temperature.  Of  the  total  gain  of  kinetic  energy 
caused  by  the  attraction  some  must  be  retained  for  stable  equilib¬ 
rium  under  the  conditions,  as  a  balance,  as  it  were,  for  the 
attractive  force.  (The  amount  so  retained  can  be  calculated, 
where  the  law  of  the  force  is  known,  for  the  simplest  case  of 
two  particles).  Only  the  excess  of  energy  above  this  retained 
amount  becomes  visible  as  temperature. 

The  temperature  motion  is  the  excess  of  translational  motion 
impressed  upon  an  atom  or  molecule  beyond  that  which  it  would 
retain  as  a  necessary  attachment  of  its  potential  energy  under  the 
conditions  considered. 

Thus  at  —  273°  C  we  undoubtedly,  I  think,  have  atomic 
motion,  and  might  have  molecular  motion,  but  to  my  mind  at 
least  the  extreme  theoretical  and  practical  importance  of  that 
point  as  the  “absolute  zero  of  temperature”  is  not  decreased 
thereby. 

Third. — Regarding  more  particularly  the  relationship  between 
electrical  and  chemical  forces,  I  have  in  my  own  mind  con¬ 
nected  the  power  to  conduct  electricity,  whether  the  substance 
is  in  the  solid,  liquid,  or  gaseous  condition,  not  primarily  with 
molecules,  nor  with  ions,  nor  even  perhaps  with  electrons.  The 
essential  requisite  appears  to  me  to  be  a  free,  that  is,  an  unab¬ 
sorbed  attraction.  My  meaning  will  become  clear  by  a  brief 
discussion. 

The  best  conductors  in  the  solid  condition  are  the  metals 
such  as  copper,  silver,  platinum,  etc.,  and  these  metals  are 
monatomic.  That  is  to  say,  the  chemical  attraction  which  the 
atoms  of  these  metals  possess  is  not  bound  hard  and  fast  to 
another  atom,  a  mutual  absorption  of  the  attraction  between 
the  two  atoms  having  taken  place.  The  attraction  is  indeed  to 
some  extent  absorbed  by  the  neighboring  atoms,  for  I  think  there 
is  no  very  clear  distinction  to  be  drawn  between  molecular  and 
chemical  attraction,  but  the  attraction  is  so  distributed  that  it  is 
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easily  loosened  and  becomes  free.  In  the  metals  which  conduct 
less  well,  such  as  bismuth  or  antimony,  the  atoms,  as  is  well 
known,  are  partly  combined,  and  the  attraction  is  therefore  more 
difficult  to  free,  and  it  becomes  more  difficult  to  propagate  the 
attractive  wave.  Our  best  insulators  are  the  most  stable  chemi¬ 
cal  compounds,  glass,  clay,  oxides,  salts,  etc.,  or  compounds 
such  as  rubber,  where  the  chemical  attraction  of  the  atoms  is 
almost  completely  saturated  by  other  definite  atoms.  If  these 
bodies  are  to  conduct  electricity  the  stable  chemical  union  must 
be  broken  down,  or  at  least  loosened.  This  loosening  of  the 
chemical  union  happens  usually  with  an  increase  of  temperature. 

A  stable  gas,  such  as  oxygen  or  hydrogen,  is  a  poor  conduc¬ 
tor.  If  such  a  gas  is  to  be  made  a  conductor  it  must  be  '‘ionized,’’ 
that  is,  the  chemical  attraction  which  before  was  definitely 
absorbed  by  some  other  atom  must  be  made  free. 

Considering  solutions,  an  acid,  base,  or  salt,  when  dissolved 
in  water  becomes  a  good  conductor,  because,  using  sodium  chlor¬ 
ide  as  an  illustration,  the  condition  in  the  solid  is  represented  by 
a  sodium  atom  and  a  chlorine  atom  which  mutually  saturate  each 
other’s  attraction.  As  a  disssolved  salt,  the  sodium  attraction 
is  partially  or  wholly  loosened  from  the  chlorine,  and  this  attrac¬ 
tion  distributes  itself  upon  the  hydroxyl  portions  of  the  neighbor¬ 
ing  water  molecules.  The  attraction  of  the  chlorine  for  the 
sodium,  is,  of  course,  loosened  at  the  same  time,  and  distributes 
itself  upon  the  hydrogen  of  the  neighboring  molecules.  Whether 
the  water  molecules  and  the  sodium  chloride  molecules  are  defi¬ 
nitely  pulled  apart  I  do  not  know,  but  the  facts  of  the  electrolytic 
dissociation  theory  form  partial  evidence  that  they  are.  In  the 
case  of  acids,  bases,  and  salts,  the  breaking  apart  of  the  dis¬ 
solved  molecule  is  possibly  complete  at  “infinite  dilution.”  In 
other  cases  the  dissolved  substance  retains  its  chemical  identity, 
and  this  means  nothing  else  than  that  the  mutual  atomic  attrac¬ 
tions  remain  definitely  bound,  and  the  substance  remains  a  poor 
conductor. 

Unless  a  distributed  chemical  affinity  is  equivalent  to  an  elec¬ 
trical  charge  I  see  no  reason  for  supposing  that  “ions”  have 
electrical  charges.  Otherwise  I  think  that  the  electrolytic  disso¬ 
ciation  theory  represents  an  essential  part  of  the  truth.  But  no 
less  essential  is  the  point  so  repeatedly  emphasized  by  Kahlen- 
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berg,  that  there  is  a  union  between  the  solvent  and  the  dis¬ 
solved  substance.  We  believe  this  union  to  be  stronger  or  more 
complete  the  more  completely  “dissociated”  is  the  dissolved  sub¬ 
stance.  The  hydrate  theory,  the  dragging  of  the  solvent  mole¬ 
cules  by  the  ions,  and  the  change  in  concentration  around  the 
electrodes,  bear  decidedly  upon  this  point.  Kohlrausch20  ad¬ 
vances  essentially  the  same  idea,  and  it  is  further  discussed  and 
supported  by  Bousfield.21  Lewis22  in  his  review  of  recent  ad¬ 
vances  in  physical  chemistry,  says,  “In  many  investigations  it 
has  been  shown  that  the  solutes  which  give  conducting  solutions 
are  able  to  form  definite  solid  compounds  with  the  solvent,  thus 
indicating  that  in  the  solution,  too,  there  is  a  union  of  solvent  and 
solute.” 

We  have  only  extended  these  ideas  a  little  by  saying  that 
atoms  whose  lines  of  force  radiate  out  indiscriminately  to  other 
atoms  are  good  conductors.  Atoms  whose  lines  of  attractive 
force  extend  to  certain  other  definite  atoms,  the  attraction  of 
each  being  mutually  saturated  thereby,  are  very  poor  conductors. 

University  of  North  Carolina. 

Chapel  Hill,  N.  C. 

October  2,  1908. 


w  Proc.  Roy.  Soc.,  71,  338  (1903)* 
n  Zeit.  Phys.  Chemie,  53,  257  (1905). 

25  Jour.  Amer.  Chem.  Soc.,  28,  906  (1906). 
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THE  USE  OF  A  MERCURY  CATHODE  IN  THE 
DETERMINATION  OF  METALS. 

By  A.  Harold  Porter  and  Francis  C.  Frary. 

Ever  since  Gibbs1  first  proposed  the  use  of  the  mercury 
cathode  for  the  electroanalytical  determination  of  the  metals,  it 
has  until  recently  been  generally  assumed  that  the  method  was 
inherently  accurate,  and  that  the  principal  care  necessary  was  to 
effect  complete  precipitation  of  the  metal  from  the  solution. 
Recently,  however,  Price2  has  investigated  the  precipitation  of 
zinc  upon  a  mercury  cathode  with  a  rotating  anode,  and  shown, 
contrary  to  previous  statements  by  others,3  that  the  results  are 
uniformly  low.  An  examination  of  the  results  obtained  by 
Vortman4  in  1891  with  a  stationary  anode  shows  that  he  always 
obtained  slightly  low  results  in  the  determination  of  zinc,  merT 
cury,  cadmium  and  antimony  in  a  mercury  cathode.  His  results 
with  lead  and  bismuth  are  irregular,  but  mostly  low. 

Price  also  states  that  upon  washing  pure  mercury  with  alco¬ 
hol  and  ether,  a  black  scum  was  formed  and  the  mercury  lost 
weight.  This  phenomenon  had  been  noticed  by  one  of  us  in 
some  work  several  years  ago,  but  was  ascribed  to  impurities  in 
either  the  mercury,  alcohol,  or  ether.  If  pure  mercury  washed 
with  pure  alcohol  and  ether  lost  weight,  the  method  of  handling 
the  mercury  cathode  must  be  revised.  To  test  this  point,  some 
mercury  was  purified  by  washing  with  nitric  acid  and  water,  and 
a  supply  of  pure  alcohol  and  ether  prepared.  Merck’s  99.8  per 
cent,  alcohol  was  allowed  to  stand  twenty-four  hours  over 
freshly  prepared  quicklime,  and  then  distilled  with  special  pre¬ 
cautions  over  more  lime.  Ether  (labelled  “distilled  over 
sodium”)  was  allowed  to  stand  twenty-four  hours  over  small, 

1  Chem.  News  (1880),  42,  291,  Am.  Chem.  J.,  13,  571. 

2  Trans.  Faraday  Soc.,  3,  88,  Chem.  News,  97,  09. 

3  Kollock  and  Smith,  J.  Am.  Chem.  Soc.,  27,  1258  and  29,  797. 

4  Berichte,  24,  2749. 
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freshly  cut  pieces  of  sodium,  and  distilled  over  more  sodium 
with  precautions  to  prevent  the  absorption  of  moisture.  With  the 
use  of  these  pure  materials,  neither  was  there  any  scum  formed 
on  the  mercury  nor  could  any  mercury  be  found  in  portions  of 
the  solvents  which  had  stood  over  night  in  contact  with  mer¬ 
cury,  and  had  been  decanted  therefrom  without  special  precau¬ 
tions. 

It  seemed  possible,  then,  that  Dr.  Price’s  low  results  were 
due  to  impurities  in  his  alcohol  or  ether;  probably  the  latter,  as 
experiment  showed  that  the  black  scum  was  at  once  formed 
on  washing  the  purified  mercury  with  ordinary  ether  from  the 
laboratory  bottle.*  A  standard  solution  of  zinc  sulphate  was 
therefore  prepared  and  electrolysed  in  the  apparatus  for  rapid 
electroanalysis  without  rotating  electrodes  recently  described '  by 
one  of  us.5  The  mercury,  ether  and  alcohol  were  purified  as 
described,  and  all  precautions  prescribed  by  Kollock  and  Smith6 
were  observed.  As  in  the  experiments  of  Kollock  and  Smith, 
the  dessicator  was  not  evacuated,  although  Price  showed  that  a 
decrease  in  weight,  due  to  loss  of  ether,  was  produced  by  evacu¬ 
ation.  Experiments  showed  that  the  weight  of  the  cell  remained 
approximately  constant,  at  least  for  a  day  or  so,  and  as  the 
mercury  would  hold  the  same  amount  of  ether  before  electro¬ 
lysis  as  afterwards,  the  evacuation  was  considered  unnecessary. 
The  changes  in  weight  found  on  allowing  cells  containing  zinc 
or  copper  amalgam  to  stand  in  the  dessicator  were  very  slight, 
being  for  one  day  +  o.oooi,  two  days  -j-  0.0003,  three  days 

—  0.0003,  and  —  0.0004,  ten  days  —  0.0005  gram. 

To  determine  whether  low  results  could  be  due  to  (1)  evapo¬ 
ration  of  the  mercury  due  to  the  large  amounts  of  gas  liberated 
on  its  surface  at  the  high  temperature,  or  (2)  solution  of  the 
glass  by  the  acid  employed,  a  series  of  blank  determinations  was 
made.  The  electrolyte  consisted  of  60-75  c.c.  of  distilled  water 
acidulated  with  sulphuric  acid.  The  current  ranged  from 
0.6  —  1.4  amperes,  the  voltage  from  8-16,  and  the  time  from 
20  to  60  minutes.  The  changes  in  weight  found  were :  —  0.0003, 

-  0.0000  ±  0.0000,  —  0.0001,  —  0.0004,  —  0.0003,  —  O.OOOI 

*  It  seems  quite  probable  that  this  scum  is  caused  by  hydrogen  peroxide,  which 
can  often  be  detected  in  ether. 

6  Frary,  J.  Am.  Chem.  Soc.,  29,  1592;  Z.  Angew.  Chem.,  20,  1897. 

8  J.  Am.  Chem.  Soc.,  27,  1256. 
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and  —  0.000 1  gram.  The  error  from  these  sources  appears  to 
be  negligible  for  general  work. 

The  strength  of  the  standard  solution  of  zinc  sulphate  was 
determined  (a)  by  evaporation  of  a  measured  volume  (25  c.c.) 
in  a  platinum  dish  and  ignition  to  constant  weight,  and  (b)  by 
titration  with  a  carefully  standardized  solution  of  potassium 
ferrocyanide.  The  zinc  oxide  obtained  by  method  (a)  was 
tested  for  sulphate,  but  none  was  found.  The  same  pipette  was 
used  throughout  the  work,  and  every  precaution  taken  to  insure 
accurate  measurement.  The  results  of  the  standardization  were, 
method  (a)  zinc  found  0.1367,  0.1369  gram;  method  (b), 
0.1371,  and  0.1373  gram;  average,  0.1370  gram. 

A  series  of  electro-analyses  of  this  solution  with  the  mercury 
cathode  under  varying  conditions  gave  the  results  shown  in 
Table  I.  The  acid  used  was  sulphuric  (sp.  gr.  1.84). 


Tabue  I. 

Weight  of  zinc  taken  in  all  cases ,  0.1370  gram. 


No. 

Amp. 

Volt 

Acid 

(Drops) 

Time 

(Min.) 

Zinc  left  in 
Electrolyte 

Zinc  found 
(Gr.) 

Error 

(Mg.) 

I 

1.2 

10 

20 

25 

O.I340 

—3-o 

2 

1.2 

9 

20 

30 

Trace 

O.I320 

—5-o 

3 

U3 

10 

25 

20 

•  •  • 

O.I29I 

—7-9 

4 

1.4 

1 1 

20 

30 

None 

O.I380 

— (- 1.0 

5 

1.6 

13 

IO 

30 

<  i 

O.I3IO 

— 6.0 

6 

2.4 

12 

IO 

20 

i  ( 

O.I334 

—3-6 

7 

2.6 

20 

8 

15 

•  •  • 

O.I299 

—7-i 

8 

2.9 

17 

10 

15 

None 

O.I324 

— 4.6 

9 

3-o 

17 

10 

15 

i  < 

O.I332 

-3-8 

10 

3-o 

15 

10 

15 

<  i 

O.I33I 

—3-9 

1 1 

3-o 

30 

5 

20 

(  < 

O.I320 

—5-o 

]  2 

3-i 

15 

10 

15 

Trace 

O.I32I 

—4-9 

13 

3-6 

18 

10 

15 

<  < 

O.I297 

—7-3 

14 

4  2 

22 

10 

15 

None 

O.I256 

— 11. 4 

The  test  for  zinc  left  in  solution  after  electrolysis  was  made 
upon  the  whole  volume,  by  adding  potassium  ferrocyanide  and 
allowing  the  test  to  stand  5  to  10  minutes.  Tests  with  known 
amounts  of  zinc  sulphate  showed  that  0.2  mg.  of  zinc  in  200  c.c. 
was  readily  detected  under  these  conditions. 

In  spite  of  the  fact  that  in  most  cases  the  precipitation  was 
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evidently  complete,  the  results,  with  one  exception,  are  all  too 
low. 

During  the  washing  with  alcohol  and  ether  it  was  frequently 
noticed  that  fine  white  particles  resembling  zinc  hydroxide 
floated  in  the  washings.  To  ascertain  the  effect  of  washing  on 
the  amalgam,  a  weighed  cell  containing  0.13  gram  zinc  and  35 
grams  of  mercury  was  repeatedly  washed  with  water,  alcohol 
and  ether,  and  weighed  as  in  a  determination.  The  weights 
recorded  were  95.6971,  95.6943,  95.6852  and  95.6808  grams. 
The  results  account  satisfactorily  for  the  errors  shown  in  Table  I. 
The  average  loss  in  washing  the  amalgam  was  4.1  mg.  per 
determination,  the  average  error  in  the  analyses  in  Table  I 
(omitting  No.  14)  is  —  4.7  mg.  The  washings  from  the  above 
experiment  were  separately  acidified  with  nitric  acid  and  con¬ 
centrated  to  20-30  c.c.  Upon  testing  with  hydrogen  sulphide,  a 
black  precipitate  (mercuric  sulphide)  was  produced  in  each  case. 
These  precipitates  were  filtered  off,  the  filtrates  combined,  con¬ 
centrated  and  tested  with  potassium  ferrocyanide.  A  white 
precipitate  appeared  at  once,  thus  showing  that  the  amalgam 
loses  both  zinc  and  mercury  during  the  washing,  even  with 
pure  alcohol  and  ether,  which  do  not  cause  loss  on  washing  pure 
mercury. 

To  determine  whether  all  amalgams  would  act  in  a  similar 
manner,  a  series  of  analyses  of  a  standard  copper  sulphate  solu¬ 
tion  was  made.  Four  determinations  from  a  sulphuric  acid 
solution  using  a  platinum  cathode,  gave  0.2169,  0.2170,  0.2172 
and  0.2173,  or  an  average  of  0.2171  gram  copper  in  25  c.c. 

The  determinations  made  with  a  mercury  cathode  were  much 
more  satisfactory  than  those  in  Table  I.  The  copper  amalgam 
was  brighter  and  cleaner,  and  no  solid  particles  could  be  seen  in 
the  washings.  The  presence  of  free  acid  seems  to  have  a  greater 
retarding  effect  with  the  large  volume  (60-75  c-c0  solution 
which  we  used  than  with  a  small  volume,7  as  when  only  40 
drops  of  sulphuric  acid  (sp.  gr.  1.84)  were  added,  the  precipita¬ 
tion  was  incomplete  after  forty  minutes.  According  to  the  fig¬ 
ures  given  by  Kollock  and  Smith,  we  should  have  been  able  to 
add  7  c.c.  of  acid  without  producing  a  concentration  which  would 
retard  precipitation.  This  was  tried  on  two  determinations,  with 

7  Kollock  and  Smith,  J.  Am.  Chem.  Soc.,  29,  797. 
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the  result  that  after  40  minutes  a  considerate  amount  (12  and 
17  mg.)  remained  in  solution.  The  results  in  Table  II  show  that 
with  less  acid  complete  precipitation  is  readily  obtained,  and 
the  results  are  quite  accurate.  Hydrogen  sulphide  was  used  to 
detect  the  presence  of  copper  in  the  solution  after  electrolysis. 


Tabee  II. 

Copper  taken  in  each  case,  0.21 71  gram. 


No. 

Amp. 

Volts 

Acid 

(Drops) 

Time 

(Min.) 

Copper  left  in 
Electrolyte 

Copper  found 
(6m.) 

Error 

(Mg.) 

I 

i-3 

10 

20 

40 

None 

0.2167 

—0.4 

2 

1.0 

10 

20 

35 

Trace 

0.2169 

— 0.2 

3 

1.8 

.13 

20 

20 

None 

0.2168 

—0-3 

4 

1.0 

8 

35 

45 

'  4  4 

0.2168 

—0.3 

5 

1.0 

10 

20 

45 

4  < 

0.2169 

— 0.2 

6 

3-o 

20 

15 

35 

Trace 

0.2165 

—0.6 

We  are  unable  to  account  for  the  slightly  lower  results 
obtained  by  this  method.  Upon  evaporation  of  the  washings 
from  a  determination  with  nitric  acid  and  testing  with  hydrogen 
sulphide,  no  copper  or  mercury  was  found.  The  liquid  remain¬ 
ing  from  one  determination  was  tested  colorimetrically  for  iron; 
the  amount  found  was  less  than  0.1  mg. 

Summary. 

1.  The  electrolytic  determination  of  zinc  in  a  mercury 
cathode  gives  low  results,  due  to  loss  of  both  zinc  and  mercury 
in  the  process  of  washing  with  alcohol  and  ether. 

2.  Pure  mercury  does  not  lose  weight  appreciably  when 
washed  with  water,  alcohol  and  ether,  nor  by  liberation  of 
hydrogen  on  its  surface  even  at  high  temperatures  (ioo°). 

3.  The  loss  in  weight  during  washing  seems  to  be  peculiar 
to  zinc,  since  copper  amalgam  shows  no  signs  of  it,  and  the 
determination  of  copper  by  means  of  mercury  cathode  is  quite 
satisfactory. 

University  of  Minnesota. 

October  1,  1908. 
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DISCUSSION. 

Dr.  H.  E.  Patten  :  I  have  read  the  paper  with  a  great  deal 
of  interest,  and  would  like  to  make  the  suggestion  that  in  the 
final  writing  the  authors  include  the  size  of  the  mercury  electrode 
used,  that  is,  its  area.  You  will  notice,  too,  that  they  state  that 
a  certain  voltage  is  used  and  a  certain  current.  Now,  it  goes 
without  saying,  that  to  say  a  certain  voltage  is  used  in  electro¬ 
chemical  processes  means  nothing  unless  the  electrode  voltage  or 
the  resistance  of  the  electrolyte  is  given.  The  statement  of 
current  intensity  conveys  no  definite  meaning,  unless  we  have  a 
statement  of  the  exact  current  density  used. 

Mr.  Wauter  T.  Taggert:  In  reading  over  the  paper  I  notice 
first  that  attention  is  called  to  Wolcott  Gibbs  as  being  the  origi¬ 
nator  of  the  method,  which  he  certainly  was,  but  the  application 
of  the  method  of  deposition  of  metals  in  mercury,  or  the  quanti¬ 
tative  determination  of  metals,  was  effected  by  Prof.  Smith,  of 
the  University  of  Pennsylvania. 

I  next  notice  in  the  paper  a  reference  to  a  method  used  by 
Vortman,  and  it  says  that  Vortman  in  1891  noticed  a  loss  in 
mercury.  There  is  no  comparison  between  the  Vortman  method 
and  the  mercury  cup  method.  Vortman’s  method  is  this :  He 
adds  to  his  solution  of  a  zinc  salt  a  weighed  quantity  of  the 
mercuric  salt,  and  he  forms  his  amalgam  on  a  platinum  dish. 

ProE.  J.  W.  Richards  :  I  would  like  to  remark  that  in  con¬ 
nection  with  the  statement  on  page  55,  where  the  writers  say, 
“We  are  unable  to  account  for  the  slightly  lower  results  obtained 
by  this  method”  in  the  case  of  copper,  and  on  page  52,  where  the 
statement  is  made  that  “a  series  of  blank  determinations  was 
made”  which  showed  the  changes  in  weight  as  follows,  from 
0.003  to  0.004  of  a  gram.  The  statement  is  then  made :  “The 
error  from  these  sources  appears  to  be  negligible  for  general 
work.” 

I  call  attention  to  the  fact  that  the  error  on  page  55,  which  they 
say  they  are  unable  to  account  for,  is  apparently  the  error  of  the 
blank  determinations.  It  varies  from  .2  up  to  6.  of  a  milligram, 
and  the  blank  determinations  are  of  just  about  the  same  order,  so 
I  take  it  that  the  losses  in  the  blank  determinations  possibly 
explain  the  slight  loss  in  the  determination  of  copper. 
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Mr.  Frary  ( communicated ) :  The  area  of  the  mercury  cathode 
used  by  us  is  difficult  to  estimate,  since  it  consisted  of  a  ring  of 
mercury;  the  outer  diameter  of  the  ring  was  about  42  mm.,  and 
its  width  about  7  mm.  Allowing  for  the  area  on  the  slope  of  the 
meniscus  at  each  side,  the  total  area  was  probably  9-11  cm.-. 
The  only  importance  attaching  to  the  voltage  measurements  is 
that  they  indicate  the  approximate  amount  of  heat  developed  in 
the  cell,  which  is  proportional  to  the  watt-seconds  used,  and  in 
connection  with  the  heat  capacity  and  rate  of  radiation  would 
determine  the  rise  in  temperature.  Since  no  separation  of  metals 
was  attempted,  and  the  aim  of  the  research  was  simply  to  find 
out  why  the  method  gave  low  results,  I  see  no  reason  for  deter¬ 
mining  the  cathode  potential,  especially  since  it  is  impractical 
to  regulate  it  in  general  electroanalytical  work.  I  should  feel 
inclined  to  reverse  Mr.  Patten’s  statement  in  regard  to  current 
intensity  and  current  density.  The  amount  of  metal  (plus  hy¬ 
drogen)  deposited  is  a  function  of  the  coulombs  used,  while  in 
the  case  of  a  mercury  cathode,  where  we  have  no  trouble  with 
spongy  precipitates  and  non-adherence  of  the  precipitate  to  the 
cathode,  the  current  density  is  of  importance  only  as  it  may  have 
an  effect  on  the  electrode  potential.  What  we  require  is  com¬ 
plete  precipitation  of  the  zinc,  in  the  minimum  time ;  we  care  very 
little  how  much  hydrogen  is  precipitated  with  it. 

Mr.  Taggert  seems  to  feel  that  the  work  of  Prof.  Smith  on  the 
mercury  cathode  has  been  slighted ;  such  was  not  our  intention, 
as  is  easily  seen  from  our  references  to  it  (foot-notes  3,  6  and  7). 
As  to  Vortman’s  method,  he  precipitated  metals  as  amalgams 
and  obtained  low  results.  An  amalgam  is  an  amalgam  whether 
precipitated  on  a  platinum  dish  or  in  a  glass  tube.  Our  object 
was  to  study  the  behavior  of  certain  amalgams  in  electroanalysis, 
so  we  thought  it  important  to  name  all  who  seemed  to  have  ob¬ 
tained  poor  results  by  their  use. 

The  description  of  the  apparatus  and  methods  used  at  Pennsyl¬ 
vania  is  essentially  the  same  as  that  given  in  the  paper  to  which 
we  referred  (foot-note  6)  except  the  statement  regarding  cleans¬ 
ing  the  apparatus  with  nitric  and  chromic  acids,  which  appears 
to  be  new.  It  does  not  appear  what  connection  there  may  be 
between  this  and  the  peculiar  behavior  of  the  zinc  amalgam  during 
the  washing  with  alcohol  and  ether.  Our  apparatus  had  been 
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cleansed  with  nitric  acid,  and  was  handled  with  the  utmost  care. 

We  stated  that  we  agreed  with  Kollock  and  Smith  that  the  re 
tention  of  ether  by  the  amalgam  was  negligible. 

We  considered  that  prolonged  agitation  with  air  and  nitric  acid 
was  better  than  distillation  of  the  mercury,  as  the  former  method 
removes  the  alkali  metals  which  would  not  be  completely  removed 
by  distillation.  We  considered  such  metals  to  be  the  most  un¬ 
desirable  impurities,  as  they,  by  virtue  of  their  affinity  for  oxygen,, 
would  have  the  strongest  tendency  to  produce  a  scum  on  the 
mercury. 

We  hoped  to  find  the  method  accurate,  but  were  disappointed. 
If  the  method  does  not  give  good  results  in  the  hands  of  its 
friends  and  under  the  most  favorable  circumstances,  it  can  hardly 
be  recommended  for  general  work. 

Prof.  Richards’  explanation  of  the  low  results  in  the  determina¬ 
tion  of  copper  is  probably  correct,  although  another  cause  may 
be  the  well-known  tendency  of  copper  precipitated  on  platinum 
to  be  contaminated  with  sulphide,  from  reduction  of  the  sulphuric 
acid,  and  thus  our  standardizations  may  have  been  slightly  high. 


A  paper  read  in  abstract  by  Prof.  W.  T. 
Taggart,  at  the  Fourteenth  General 
Meeting  of  the  American  Electrochem¬ 
ical  Society,  New  York  City,  October 
30,  1908;  President  E.  G.  Acheson  in 
the  chair. 


THE  DETERMINATION  OF  ZINC  WITH  THE  AID  OF  THE 
MERCURY  CATHODE  AND  ROTATING  ANODE, 

By  Fily  G.  KolIvOCk  and  Edgar  F.  Smith. 

It  would  seem  from  published  statements*  that  the  determina¬ 
tion  of  zinc,  when  using  a  mercury  cathode  and  rotating  anode, 
has  in  the  hands  of  some  experimenters  given  low  results.  The 
cause  has  been  variously  attributed  to  the  loss  of  mercury  me¬ 
chanically  dn  washing  or  chemically  by  its  solution  in  the  acid 
electrolyte,  or  that  zinc  hydrate  has  been  formed  and  carried 
away  in  the  wash  water.  Again  it  has  been  said  that  constant 
weights  could  not  be  obtained  unless  the  amalgam  was  dried  in 
a  vacuum. 

This  method  of  determining  zinc  has  been  performed  hundreds 
of  times  in  this  laboratory  by  experienced  and  inexperienced 
persons  with  uniform  accuracy  and  the  non-occurrence  of  the 
discrepancies  mentioned  by  critics  of  the  procedure ;  so  that  it 
seemed  proper  that  we  should  set  forth  again  our  modus  operandi 
as  it  may  be  that  we  failed  to  record,  in  previous  communica¬ 
tions,  points  in  manipulation  which  were  considered  perfectly 
obvious,  but  which  should  have  been  mentioned. 

To  help  those  not  familiar  with  the  details  of  the  method,  we 
shall  endeavor  to  fully  describe  the  various  operations,  repeating 
instructions  given  in  our  earlier  work  and  emphasizing  precau¬ 
tions  which  may  appear  self-evident  to  one  who  has  worked  the 
method  for  some  time. 

It  is  essential  that  the  cup  in  which  the  decomposition  occurs 
should  be  clean.  After  use  and  after  removal  of  the  mercury 
the  cup  should  be  washed  with  nitric  acid  to  thoroughly  cleanse 
it  from  the  amalgam  which  may  adhere  to  the  platinum  wire 
or  to  the  glass  in  the  vicinity  of  the  wire.  It  is  next  rinsed 

*  Trans.  Faraday  Soc.,  3,  88,  Chem.  News,  97,  99. 
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with  water  and  then  washed  with  chromic  acid,  followed  by  water, 
alcohol  and  ether.  Wipe  the  outside  of  the  cup,  but  do  not 
touch  the  inside  with  the  towel  or  with  the  fingers.  The  cup 
may  be  dried  in  a  copper  oven,  or  the  ether  may  simply  be  al¬ 
lowed  to  evaporate,  and  the  cup  then  placed  in  a  desiccator  ready 
to  be  used.  Keep  ioo  c.c.  of  pure  mercury,  previously  washed 
with  absolute  alcohol  and  ether,  in  a  desiccator,  to  be  drawn 
upon  as  occasion  may  demand.  Fifty  to  sixty  grams  are  intro¬ 
duced  into  each  cup,  and  this  portion  will  serve  for  a  number 
of  determinations.  Remove  with  a  camel’s  hair  brush  or  a 
feather  any  minute  globules  of  mercury  adhering  to  the  outside 
of  the  cup  or  around  the  rim.  Cover  the  cup  containing  the 
mercury,  after  weighing,  with  a  small  watch  crystal.  Never 
move  or  carry  the  cup  without  this  cover.  After  introducing  the 
electrolyte  by  means  of  a  pipette,  and  making  proper  dilution, 
place  the  cup  on  a  copper  plate  connected  with  the  cathode,  and 
raise  the  whole  to  a  proper  position  with  respect  to  the  anode. 
Place  the  cover  glasses  over  the  cup,  cause  the  anode  to  rotate 
and  let  the  current  pass  through  the  electrolyte.  Toward  the 
end  of  the  decomposition  wash  the  cover  glasses  and  sides  of  the 
tube  with  a  stream  of  water  from  a  wash  bottle.  The  con¬ 
densation  of  the  steam,  when  the  current  is  high,  if  sufficient 
to  remove  all  of  the  electrolyte  which  may  have  been  carried 
to  the  sides  or  the  top  of  the  cup  by  rotation  or  by  the  escaping 
gases. 

When  the  decomposition  is  completed,  stop  the  motor,  remove 
the  cover  glasses,  pour  distilled  water  into  the  cup  from  a  wash 
bottle,  and  siphon  out  the  liquid  until  the  level  almost  reaches 
the  spiral  portion  of  the  anode.  Then  refill  the  cup  and  repeat 
the  operation  until  the  current  falls  to  zero — that  is,  until  practi¬ 
cally  all  of  the  acid  solution  has  been  removed.  As  much  as 
300  c.c.  of  water  are  used  for  the  purpose.  Now  interrupt  the 
current.  That  the  acid  liquid  must  be  removed  before  the  current  • 
is  broken  is  a  precaution  which  must  be  observed,  otherwise  the 
acid  will  act  upon  the  amalgam  and  cause  a  resolution  of  the 
deposited  metal.  Several  experiments  were  made  to  prove  this. 
After  the  zinc  had  been  deposited,  the  current  was  broken.  The 
voltmeter  was  still  in  connection  with  the  cup.  It  acted  as  an 
electrolytic  cell  having  a  pressure  of  2.5  volts  and  zinc  dissolved. 
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The  deposit,  on  weighing,  showed  a  loss  of  a  milligram  or  more, 
and  the  solution,  afterward  poured  from  the  cup,  gave  a  distinct 
precipitation  with  potassium  ferrocyanide.  The  longer  the  acid 
acted,  the  greater  was  the  loss  in  weight.  When  water  was 
added  and  the  solution  quickly  siphoned  out,  the  deposit  lost 
0.0004  gm->  and  the  wash-water  gave  a  turbidity  with  potassium 
ferrocyanide.  In  a  previous  paper  this  precaution  was  stated 
explicitly,  and  Price  and  Dodge  confirm  it,  because  they  declare 
in  their  first  paper  that  zinc  was  not  found  in  the  siphonate  when 
the  current  was  not  interrupted,  but  it  was  found  there  whenever 
the  current  was  interrupted. 

Next  remove  the  cup  and  pour  off  the  greater  part  of  the 
remaining  liquid  by  inclining  the  tube  to  the  horizontal  position. 
Do  not  permit  the  amalgam  to  come  to  the  edge  of  the  cup  or 
in  contact  with  the  finger  which  is  held  at  the  top  of  the  cup 
in  order  to  hold  it  more  firmly.  The  cup  must  then  be  brought, 
back  carefully  to  a  vertical  position,  and  pour  in  it  about  10  c.c. 
of  absolute  alcohol.  Rotate  the  cup,  after  it  has  been  inclined 
to  an  angle  of  45  °,  in  order  that  the  entire  mass  of  mercury  may 
be  brought  in  contact  with  the  alcohol.  The  greater  part  of 
the  alcohol  is  then  allowed  to  flow  off  in  the  same  way  as  de¬ 
scribed  above  for  the  removal  of  the  water.  Repeat  this  opera¬ 
tion  with  a  second  and  third  portion  of  alcohol,  then  with  two 
or  three  portions  of  anhydrous  ether. 

Let  the  cup,  after  the  last  washing  with  ether,  stand  for  a 
few  minutes  until  the  greater  part  of  the  ether  has  evaporated, 
then  place  it  in  a  desiccator.  A  vacuum  desiccator  was  not 
found  necessary.  Any  trace  of  ether  remaining  may  be  elimi¬ 
nated  by  gently  twirling  (rotating)  the  cup  at  an  angle  of  45 °. 

For  the  present  work,  zinc  sulphate  was  recrystallized  several 
times,  carefully  dried,  and  its  solution  made  so  that  5  c.c.  contained 
0.1316  gram  of  zinc.  The  results  obtained  from  about  40  ex¬ 
periments  show  the  error  to  be  very  slight.  The  results  were 
recorded  as  they  were  obtained.  No  selection  from  them  was 
made.  In  two  trials  the  error  is  greater  than  is  permissible,  but 
this  is  explainable  by  certain  conditions  prevailing  at  the  time 
the  experiments  were  performed.  The  sulphuric  acid  set  free 
was  determined  in  the  greater  number  of  the  experiments.  This 
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methyl  orange  as  an  indicator.  These  results  are  also  in  accord 
with  the  zinc  values. 

Zinc  was  not  found  in  the  washings  on  testing  with  potassium 
ferrocyanide.  To  ascertain  whether  mercury  or  zinc  was  lost 
in  the  wash  water,  the  siphonate  from  12  determinations  was 
evaporated  to  about  10  cubic  centimeters,  a  little  nitric  acid  was 
added,  and  the  solution  evaporated  to  a  very  small  volume, 
then  diluted  to  about  10  c.c.  A  bright  piece  of  copper  foil 
was  introduced  into  this  solution.  No  evidence  of  mercury  could 
be  detected.  Zinc  was  also  absent.  This  test  was  repeated  with 
many  other  determinations.  The  washings  with  alcohol  and 
ether  were  evaporated  and  treated  in  the  same  way.  No  mercury 
or  zinc  could  be  discovered. 

Zinc  hydrate  was  never  discovered  in  any  of  the  trials.  But 
to  find  out  what  would  take  place  under  other  than  our  own 
conditions,  it  was  noticed  if  water  remained  in  contact  with  the 
amalgam  for  some  time  that  there  was  a  separation  of  zinc 
hydroxide.  In  our  own  experiments,  alcohol  was  always  added 
quickly  to  the  amalgam.  It  is  necessary,  therefore,  to  be  ex¬ 
peditious  at  this  point.  For  this  reason,  as  well  as  for  rapid 
drying,  use  absolute  alcohol  and  ether. 

The  following  are  the  conditions  under  which  our  experiments 
were  conducted,  and  the  results  are  appended : 

Volume  of  solution  =10  c.c. 

Current  in  amperes,  y$. 

E.  M.  F.,  8.5  -  5  volts. 

Rotation  of  anode,  550  -  750  revolutions  per  minute. 

Time,  12-15  minutes. 

Cathode  surface,  20  sq.  cm. 
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Experi¬ 

ment 

Zinc 

Found  in  gram 

Error  Zinc 

h2so4 

In  gram 

h2so4 

Error  in  gram 

I 

O.I3I9 

4-. 0003 

•1985 

+  .OOOI 

2 

M3I7 

-f-.oooi 

.1987 

+  .0003 

3 

.1316 

* 

.1986 

+  .0002 

4 

.1314 

— .OOOI 

.19845 

+  .00005 

5 

.1318 

-{-.0002 

.1984 

• 

6 

•1317 

-j-.OOOI 

.1987 

+  .0003 

7 

.1316 

• 

.1983 

— .OOOI 

8 

.1313 

— .0003 

.1988 

+  .0004 

9 

.1315 

— .0001 

.1986 

+  .0002 

10 

•1319 

+.0003 

.1989 

+  .0003 

11 

.1317 

-j-.OOOI 

.1989 

+  .0005 

12 

.1317 

-j-.OOOI 

.1987 

+  .0003 

13 

.1310 

— .0006 

.1984 

. 

14 

A3I3 

— .0003 

.1985 

+  .OOOI 

15 

.1316 

. 

.  1986 

+  .0002 

16 

•1313 

— .0003 

.1985 

+  .OOOI 

17 

.1316 

. 

.1987 

+  .0003 

18 

.1312 

— .0004 

.1980 

- .0004 

19 

.1314 

—  .0002 

.1984 

.  .  . 

20 

•  I3T5 

— .0001 

.1987 

+  0003 

21 

.1317 

-(-.ooor 

.1980 

- .0004 

22 

•1319 

-j-.ooo3 

.1984 

23 

•I3I5 

— .0001 

24 

.1316 

.  .  . 

25 

.1318, 

-(-.0002 

26 

•  I3IQ 

— .0006 

27 

•  I3I4 

— .0002 

28 

.1318 

+  .0202 

29 

•  I3I7 

-j-.OOOI 

30 

.1316 

•  •  • 

3i 

•  I312 

— .0003 

32 

.1318 

+ .  0002 

33 

.1316 

•  •  • 

34 

.1313 

— .0003 

35 

.2630 

— .0002 

.3970 

+  .0002 

36 

.1314 

•  •  • 

•  •  • 

.  . 

37 

- .0002 

.1987 

+  .0003 

38 

.1318 

+.0002 

.1981 

— .0003 

39 

•  I3I7 

+  .OOOI 

.1987 

+  .0003 

It  is,  therefore,  evident,  despite  the  difficulties  of  some  of  our 
friends,  that  this  method  for  the  determination  of  zinc  is  re¬ 
liable,  accurate  and  rapid. 

Reference  to  our  former  publications  on  this  subject  will  also 
reveal  that  many  other  metals  are  just  as  readily  and  accurately 
estimated  by  means  of  the  mercury  cathode  and  rotating  anode. 
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DISCUSSION. 

Carl  Hiring  ( communicated ) :  In  connection  with  the  deposi¬ 
tion  of  zinc  on  to  a  mercury  cathode,  the  following  curious 
observation  made  by  the  writer  some  years  ago  may  perhaps  be 
of  some  interest,  although  it  has  no  direct  bearing  on  electro¬ 
analysis  ;  it  refers  more  directly  to  the  efficiency  of  the  process,, 
and  this  is  of  no  importance  in  analytical  work. 

The  anode  was  a  flat  horizontal  disc,  placed  about  a  half  inch 
above  the  mercury  in  the  bottom  of  the  beaker,  and  it  was  smaller 
in  diameter  than  the  exposed  surface  of  the  mercury.  The  solu¬ 
tion  was  a  strong  solution  of  zinc  sulphate,  quite  strongly  acidu¬ 
lated  with  sulphuric  acid ;  it  was  the  product  of  an  exhausted 
battery.  With  low  current  densities  there  was  the  usual  gassing 
all  over  the  cathode,  as  the  sulphuric  acid  is  more  easily  de¬ 
composed  than  the  zinc  sulphate.  But  on  raising  the  current- 
density  to  a  high  value  the  gassing  ceased  completely  immediately 
under  the  anode  and  over  an  area  about  equal  to  that  of  the  anode,, 
while  outside  of  this  area  the  gassing  was  very  profuse.  The 
line  of  demarcation  between  them  was  sharp.  The  non-guessing 
surface  of  the  mercury  appeared  agitated,  indicating  that  some¬ 
thing  was  going  on  there,  unless  it  was  due  to  the  riplets  produced 
by  the  gassing  area.  The  major  part  of  the  current  was  pre¬ 
sumably  passing  through  this  non-gassing  area.  On  moving 
the  anode,  this  non-gassing  area  followed  all  such  motions.  As 
it  is  generally  understood  that  it  is  impossible  to  decompose  zinc 
sulphate  without  also  decomposing  some  of  the  more  easily 
decomposed  acid  whereby  hydrogen  is  set  free,  the  result  is  of 
interest,  as  it  appears  to  contradict  this.  The  voltage  was  of 
course  much  higher  than  that  theoretically  required  for  reducing 
the  zinc,  hence  the  loss  in  energy  was  probably  greater  than 
that  for  decomposing  the  acid  at  lower  current  densities.  The 
process  may  therefore  have  no  value  commercially,  for  which 
reason  no  further  researches  were  made  at  that  time.  Moreover, 
the  solution  becomes  quite  warm,  showing  a  very  poor  efficiency. 

Another  observation  was  that  when  such  zinc  amalgam  was 
thoroughly  washed  in  water  a  heavy,  bluish-gray  powder  sepa¬ 
rated  out  in  relatively  large  quantities.  It  looked  like  pulverized 
zinc.  The  original  solution  in  this  case  also  contained  some 
chromium  salts,  as  it  was  the  spent  liquid  from  a  zinc-bichromate 
battery.  It  was  thought  at  the  time  that  this  powder  may  have 
been  chromium. 


Paper  read  at  the  Fourteenth  General  Meet¬ 
ing  of  the  American  Electrochemical 
Society,  New  York  City,  October  31, 
1908;  President  E.  G.  Acheson  in  the 
Chair. 
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By  G.  A.  HueETT. 

The  two  combinations  which  have  shown  the  greatest  repro¬ 
ducibility  and  constancy  are  the  Clark  cell  and  the  Weston  or 
Cadmium  cell,  and  these  are  very  similar  in  construction : 

Zinc  amalgam  /  ZnS047H20,  Hg2S04,  H20  /  mercury 
Cadmium  amalgam  /  CdS048/3  H20,  Hg2S04,  H20  /  mercury 
Many  other  combinations  have  been  suggested  and  tried,  but 
have  generally  been  found  wanting  in  constancy  or  reproduci¬ 
bility.  It  has  been  the  universal  experience  that  a  metal  in  the 
solid  state  gives  an  inconstant  potential  against  a  solution  even 
of  its  own  salts,  and,  while  the  cause  of  this  is  not  fully  under¬ 
stood,  the  fact  has  restricted  the  choice  of  materials  to  liquid 
electrodes  for  standard  cells.  Thus  mercury  forms  one  electrode 
and  a  liquid  amalgam  the  other.  For  this  amalgam  it  is  desirable 
that  the  base  metal  be  well  towards  the  positive  end  of  the  electro¬ 
chemical  series  and  thus  far  removed  from  mercury,  and  that  it 
have  a  fair  solubility  in  mercury.  Gouy  (J.  de  Physiq.  4,320) 
gives  as  the  solubility  of  metals  in  mercury :  Cadmium  4  per  cent... 
zinc  1.8  per  cent.,  lead  1.3d  per  cent.,  bismuth  1.2  per  cent.,  tin 
.6  per  cent.,  gold  .13  per  cent.,  and  distinctly  less  for  other 
metals.  It  is  further  desirable  that  the  base  metal  exist  in  only 
one  state  of  oxidation  and  that  its  salts  be  well  defined.  In  these 
requirements  zinc  and  cadmium  are  distinctly  superior  to  all  other 
metals,  and  it  is  improbable  that  the  other  metals  will  be  found 
to  be  of  service  in  standard  cells.  Furthermore,  the  depolarizer 
must  have  a  certain  solubility,  since  mercury  shows  a  constant 
potential  only  against  electrolytes  which  contain  definite  amounts 
of  mercury  in  solution,  and  experience  has  shown  that  this  solu¬ 
bility  must  not  be  too  small,  as  in  the  case  of  the  calomel  cell, 
or  too  great,  as  in  the  case  of  the  Daniell  cell,  where  the  de¬ 
polarizer,  copper  sulphate,  is  quite  soluble.  Since  mercury  is  the 
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cathode,  the  depolarizer  must  be  a  mercur ous  salt  with  a  solubility 
of  a  few  parts  in  a  thousand,  and  there  are  very  few  available 
salts  of  mercury  answering  to  these  requirements ;  mercurous 
sulphate  is  distinctly  the  best,  although  mercurous  chlorate  de¬ 
serves  to  be  considered.  It  is  also  to  be  noted  that  the  acid 
radical  of  the  base  metal  must  be  the  same  as  that  of  the  depol¬ 
arizer,  and  if  mercurous  sulphate  is  used  as  depolarizer,  sulphate 
of  zinc  or  cadmium  must  be  used  in  the  construction  of  the  cell. 
There  are  then  excellent  reasons  for  devoting  attention  to  the 
Clark  and  cadmium  cells  rather  than  seeking  for  other  com¬ 
binations. 

The  Cathode  Systems. — The  potential  difference  of  an  amalgam 
against  an  electrolyte  varies  with  the  concentration  of  the  metal 
in  the  amalgam,  and  so  this  concentration  must  be  fixed  and 
reproducible  for  any  given  temperature.  This  requirement  is 
attained  by  utilizing  a  saturated  solution  of  the  metal  with  an 
excess  of  the  solid,  so  that  at  each  temperature  the  proper  con¬ 
centration  is  automatically  produced  whether  the  electrode  has 
lost  or  gained  metal  from  the  electrolyte  or  in  other  ways.  In 
the  Clark  cell  this  two-phase  system  is  made  up  of  zinc  and  a 
saturated  amalgam,  while  in  the  cadmium  cell  the  solid  phase  in 
the  amalgam  is  an  isomorphous  mixture  of  mercury  and  cadmium 
which  has  a  definite  composition  for  each  temperature  as  well  as 
the  liquid  amalgam  in  equilibrium  with  it.  The  liquid  phase  of 
this  cadmium  amalgam  at  25  °  has  been  carefully  analyzed  and 
found  to  contain  5.903  g.  of  cadmium  to  100  g.  of  mercury,  and 
it  is  probably  one  of  the  most  accurately  reproducible  concen¬ 
trations  known.  In  some  experiments  on  the  e.  m.  f.  of  cad¬ 
mium  amalgams  observations  were  made  on  two  amalgams  con¬ 
taining  10  per  cent,  and  7  per  cent,  of  cadmium.  These  formed 
two  phase  systems  with  different  amounts  of  the  solid  phase,  and 
were  used  as  electrodes  in  a  cadmium  sulphate  solution.  The 
system  was  freed  of  oxygen  and  hermetically  sealed  in  a  glass 
cell.  The  observations  extended  over  a  period  of  six  months,  and, 
although  the  system  was  subjected  to  wide  variations  of  tempera¬ 
ture,  whenever  it  was  brought  to  25 0  equilibrium  was  soon 
established  and  there  never  was  an  e.  m.  f.  between  the  amalgams 
greater  than  .0000012  volts;  it  was  generally  less  than  this,  but  if 
this  difference  was  all  due  to  differences  in  the  concentration  of 
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cadmium  in  the  two  liquid  phases,  it  indicated  differences  of 
only  7  parts  in  a  million.  In  order  that  this  two-phase  amalgam 
may  give  a  definite  p.d.  it  is  necessary  that  it  be  in  contact  with 
a  solution  which  contains  a  cadmium  salt  of  definite  concentration, 
and  here  again  advantage  is  taken  of  the  property  of  a  saturated 
solution  with  an  excess  of  the  solid  salt.  Crystallized  cadmium 
sulphate,  CdS04  H20  is  a  particularly  well  defined  salt  and  gives 
a  concentratoin  of  3.363  miles  in  a  liter  at  25 0  with  a  density  of 
1.6176. 

Since  the  anode  is  made  up  of  two  metals,  cadmium  and  mer¬ 
cury,  it  is  essential  for  equilibrium  that  the  electrolyte  contain 
in  solution  salts  of  both  metals ,  and  that  there  be  a  definite  ratio 
between  the  concentrations  of  these  salts  depending  on  the  relative 
concentration  of  the  metals  in  the  electrode  and  upon  their  rela¬ 
tive  solution  pressures  or  positions  in  the  electrochemical  series. 
The  most  thoroughly  investigated  case  of  this  kind  is  the  equi¬ 
librium  between  mercury,  silver  and  a  solution  of  their  nitrates1. 
It  was  shown  by  these  authors  that  silver  did  not  completely  re¬ 
move  mercury  from  solution,  and  that  mercury  when  brought 
into  contact  with  a  silver  nitrate  solution  did  go  into  solution 
and  reduce  an  equivalent  amount  of  silver.  From  whichever  side 
they  approached  there  resulted  a  definite  equilibrium  with  both 
silver  and  mercury  in  the  metal  phase  and  in  the  solution.  The 
equilibrium  was  represented  by  the  following  relation  proposed 
by  Nernst  (Zeit.  P'hys.  Chem.,  22,537) 


where  Px  and  P2  represents  the  solution  pressures  of  the  two 
metals  and  p-L  and  p2  the  osmotic  pressures  of  the  ions  of  these 
metals  in  the  solution,  and  n4  and  n2  represent  their  respective 
valencies.  It  was  further  pointed  out  by  Reinders  that  in  case 
the  metals  formed  a  solution  (liquid  or  solid)  that  Px  and  P2 
would  vary  with  their  respective  concentrations  in  the  metal 
phase  and  the  equation  was  correspondingly  modified. 

It  must  be  concluded,  therefore,  that  cadmium  will  not  com¬ 
pletely  remove  mercury  from  solution,  and  that  if  mercury  is 
brought  into  contact  with  a  cadmium  sulphate  solution  some  of  the 

1  Ogg,  Z.  Phys.  Chem.,  27,  285.  Reinders,  Z.  Phys.  Chem.,  54,  609. 
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mercury  will  go  into  solution  and  force  out  an  equivalent  amount 
of  cadmium.  Reinders2  suggested  that  this  state  of  affairs 
existed  in  the  standard  cells,  but  due  to  the  wide  difference  be¬ 
tween  cadmium  and  mercury  in  the  electrochemical  series,  the 
equilibrium  concentration  of  mercury  in  the  anode  leg  must  be 
very  small.  Observations  on  the  cells  themselves  tend  to  confirm 
this  point,  since  the  anode  shows  its  correct  p.d.  soon  after  a  cell 
is  constructed,  later  mercurous  sulphate  diffuses  over  from  the 
cathode  and  then  there  is  a  certain  concentration  of  mercurv 
about  the  amalgam,  but  the  arrival  of  the  dissolved  mercury  at 
the  anode  is  not  accompanied  by  a  change  in  the  p.d.  so  it  would 
seem  that  the  equilibrium  concentration  of  mercury  about  the 
anode  was  already  present  before  the  mercury  diffused  over  from 
the  cathode,  having  been  furnished  by  the  interaction  of  the 
amalgam  and  the  solution.  Some  results  on  the  e.  m.  f.  of 
dilute  amalgams,  which  will  soon  be  published,  give  more  direct 
evidence  of  this  relation  and  indicate  that  the  mercury  concentra¬ 
tion  is  very  small,  but  it  is  to  be  remembered  that  it  is  not  the 
absolute  concentration  but  the  relative  ones  which  are  of  im¬ 
portance  in  determining  electromotive  forces. 

The  anode  of  a  standard  cell  may  then  be  regarded  as  made  up 
of  an  electrode  in  two  phases ;  the  liquid  amalgam  has  an  ex¬ 
ceedingly  exact  and  reproducible  concentration  for  each  tempera¬ 
ture,  and  when  this  equilibrium  is  established  the  solid  phase 
has  of  course  the  same  potential  as  the  liquid  phase,  and  does 
not  show  the  irregularities  exhibited  by  a  solid  metal  electrode. 
The  electrolyte  about  this  electrode  is  saturated  with  cadmium 
sulphate,  and  an  excess  of  the  crystals  insures  a  definite  concen¬ 
tration  of  cadmium  in  the  electrolyte  for  each  temperature,  while 
the  interaction  of  the  amalgam  and  this  solution  furnishes  an 
equally  definite  mercury  concentration  in  the  liquid  surrounding 
the  electrode.  The  anode  system  is  thus  seen  to  be  made  up  of 
five  phases :  Solid  and  liquid  amalgam,  solution,  solid  salt  of  the 
base  metal,  and  vapor.  The  components  may  be  taken  to  be : 
Mercury,  base  metal,  water  and  acid  radical,  and  thus  for  each 
temperature  they  are  nonvarient  systems.  It  has  been  found 
that  the  equilibria  in  these  anode  systems  are  rapidly  established 
as  soon  as  the  temperature  is  fixed. 


2  Z.  Phys.  Chem.,  42,  232. 
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The  two  anode  systems  it  is  probable  that  they  are  equally 
reproducible  and  constant ;  the  solubility  of  zinc  sulphate  crystals 
changes  very  greatly  with  the  temperature  and  there  is  a  ten¬ 
dency  for  these  crystals  to  '‘cake”  above  the  amalgam,  while 
the  cadmium  sulphate  crystals  have  an  exceptionally  small  tem¬ 
perature-solubility  coefficient  and  have  not  shown  this  tendency. 
The  tendency  of  the  zinc  amalgam  to  cause  the  platinum  contact 
wire  to  crack  the  glass  has  been  a  source  of  trouble  with  Clark 
cells,  also  the  zinc  amalgam  slowly  generates  hydrogen  from  its 
sulphate  solution  and  it  is  probable  that  a  zinc  sulphate  solution 
has  a  fair  concentration  of  hydrogen  ions,  while  there  is  no 
evidence  of  the  liberation  of  hydrogen  in  the  anode  system  of 
the  cadmium  cell  and  it  is  probable  from  other  experiments  also 
that  a  cadmium  sulphate  solution  is  only  slightly  if  at  all  hydro¬ 
lysed  and  so  contains  practically  no  hydrogen  ions.  The  cadmium 
anode  is  more  completely  reversible  than  the  zinc  anode  for,  in  as 
far  as  hydrogen  is  liberated  with  the  deposition  of  the  metal,  the 
change  is  not  reversible,  but  this  does  not  effect  the  equilibrium, 
reproducibility  or  constancy  of  the  zinc  anode  system,  and  while 
the  lack  of  hydrogen  ions  in  the  cadmium  sulphate  solution  is  an 
advantage  in  the  anode  system  of  the  cadmium  cell,  it  is  the  cause 
of  a  state  of  unstable  equilibrium  in  the  cathode  system  of  this 
cell  as  the  following  results  show.  In  this  respect  the  acid  quali¬ 
ties  of  the  zinc  sulphate  solution  constitute  a  very  decided  ad¬ 
vantage. 

Renders3  was  the  first  to  point  out  that  these  cells  could  not 
be  considered  as  one  system  since  the  electrolyte  at  the  cathode 
is  saturated  with  mercurous  sulphate  which  contniually  diffuses 
over  to  the  anode  where  it  is  reduced  to  a  very  small  concentra¬ 
tion  by  the  amalgam,  and  equilibrium  would  be  established  only 
on  the  disappearance  of  the  base  metal  from  the  anode  or  the 
disappearance  of  the  mercurous  sulphate  as  a  solid  phase ;  in  either 
case  the  e.  m.  f.  would  become  zero  or  inconstant.  This  type 
of  cell  is  made  up  of  two  distinct  sysetms  which  are  in  electrolytic 
contact  but  not  in  equilibrium  with  each  other,  but  as  the  cells 
are  constructed  the  diffusion  from  cathode  to  anode  is  so  slow 
that  the  life  of  the  combination  is  very  great.  It  was  further 
noted  by  Reinders  that,  for  a  constant  and  reproducible  e.  m.  f. 

3  Konink,  Akad.  Wetensch.,  Amsterdam,  Versl.  11,  115. 
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it  was  essential  that  both  the  anode  system  and  the  cathode  system 
be  nonvarient  systems  when  the  temperature  was  fixed.  The 
Clark  cell  conforms  to  these  requirements,  but  the  results  now  at 
hand  show  that  the  cathode  system  of  the  cadmium  cell  does  not. 

The  Cathode  Systevrus. — The  materials  used  in  constructing  the 
cathode  system  of  the  cell  are :  Mercury,  mercurous  sulphate, 
cadmium  sulphate  and  water.  An  excess  of  the  two  sulphates 
are  used  and  it  may  be  assumed  that  there  results  a  solution 
saturated  in  respect  to  CdS04  H20  and  Hg2S04,  provided  that 
these  salts  are  in  their  stable  forms  at  the  temperatures  considered, 
do  not  form  isomorphous  mixtures  double  salts  or  interact  chem¬ 
ically.  The  mercury  will  not  be  pure  but  will  contain  a  small 
equilibrium  concentration  of  cadmium  due  to  its  interaction  with 
the  solution.  There  appears  then  a  p.d.  between  this  electrode 
and  the  solution  which  is  a  function  only  of  the  temperature, 
and  if  the  premises  are  correct  it  may  be  concluded  that  rotating 
this  system  will  not  affect  the  p.d.  provided  the  materials  are 
not  reduced  to  such  a  fine  state  of  subdivision  that  the  effect  due 
to  surface  tension  becomes  measurable.  But  it  has  been  found4 
that  there  was  a  very  decided  change  in  the  p.d.  when  this  cathode 
system  of  the  cadmium  cell  was  rotated  ;  a  slow  increase  of  po¬ 
tential  was  observed  amounting  in  some  cases  to  two  millivolts. 
The  apparatus  used  in  rotating  the  system  gave  a  very  thorough 
mixing  of  the  contents  but  avoided  grinding  the  solids  to  a  fine 
powder  or  reducing  the  mercury  to  small  globules ;  indirect 
evidence  was  also  obtained  to  show  that  the  observed  change  in 
p.d.  was  in  no  way  due  to  surface  tension.  It  seemed  possible 
that  the  dissolved  oxygen  had  changed  some  of  the  mercurous 
sulphate  to  the  more  soluble  mercuric  form  and  that  the  resulting 
increased  mercury  concentration  had  caused  the  increased  p.d. 
This  obvious  explanation  was  rigidly  tested5  but  it  was  found 
that  the  absence  of  oxygen  made  no  difference  in  the  results  of 
the  rotation  experiment,  and  considerable  indirect  evidence  pointed 
to  this  same  conclusion.  The  evidence  on  this  point  seems  so 
decisive  that  it  is  to  be  concluded  that  dissolved  oxygen  plays  no 
role  whatever  in  these  systems.  If  the  rate  of  solution  of  mer¬ 
curous  sulphate  was  slow  the  equilibrium  point  would  be  only 

4  Fhys.  Rev.,  23,  176  and  25,  16. 

5  Phys.  Rev.,  25,  19-24. 
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slowly  approached  and  only  on  rotating  the  system,  but  it  has 
been  frequently  noticed  that  the  cell  assumes  a  certain  e.  m.  f.  soon 
after  it  is  constructed  and  if  its  value  undergoes  any  change  it 
is  to  decrease,  while  an  increasing  mercury  concentration  would 
means  an  increasing  e.  m.  f.  This  fact  seems  to  effectively  dis¬ 
pose  of  the  idea  of  a  slow  rate  of  solution  of  the  mercurous 
sulphate  in  a  cadmium  sulphate  solution;  it  shows  that,  at  least 
the  layer  next  to  the  mercury  electrode,  dissolved  as  much  mercury 
sulphate  as  it  could  in  a  very  short  time. 

There  was  still  the  possibility  that  the  mercurous  sulphate  was 
hydrolysed  by  the  cadmium  sulphate  solution  with  the  formation 
of  a  basic  salt  and  an  acid  in  solution,  a  reaction  which  would 
proceed  until  a  certain  acid  concentration  was  established.  This 
point  was  tested  by  adding  acid  to  the  system  and  it  was  found 
that  it  did  not  then  show  the  slowly  increasing  p.d.  but  came  to 
a  constant  value  very  soon  after  the  rotation  was  begun.  This 
was  good  evidence  that  mercurous  sulphate,  conforming  to  its 
well  known  tendency,  did  hydrolyse  in  a  cadmium  sulphate  solu¬ 
tion. 

The  only  evidence  for  the  increase  in  the  mercury  concentra¬ 
tion  was  the  increase  in  the  p.d.  observed  in  the  rotation  experi¬ 
ments;  this  increase  of  some  two  millivolts  would  indicate  an 
increase  of  some  15  per  cent,  in  the  concentratoin  of  the  mercurous 
sulphate,  acording  to  Nernst  logarithmic  relation,  assuming  that 
the  gram  of  mercurous  sulphate  in  a  liter  of  the  solution  was 
largely  dissociated,  but  if  it  was  only  slightly  dissociated  in  the 
cadmium  sulphate  solution  the  observed  change  in  p.d.  would 
indicate  a  much  greater  increase  in  the  mercury  concentratoin  and 
it  seemed  possible  to  analytically  detect  such  changes  in  con¬ 
centration  if  they  existed. 

The  clear  solutoin  from  the  cathode  system  had  a  density  of 
1.6176,  contained  760  g.  of  CdS04  in  a  liter,  but  only  about  one 
gram  of  mercurous  sulphate,  and  considerable  difficulty  was 
encountered  until  a  special  method  of  analysis  was  devised.  It 
was  found  that  an  excess  of  hydrochloric  acid  entirely  prevented 
the  precipitation  of  CdS  by  sulphuretted  hydrogen,  but  all  the 
mercury  was  thrown  out  as  a  black  sulphide,  as  this  is  one  of 
the  most  insoluble  substances  known.  The  difficulty  of  separating 
this  sulphide  of  mercury  from  the  viscous  liquid  was  so  great,. 
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however,  that  it  could  not  be  used  as  a  quantitative  method,  al¬ 
though  it  served  as  a  method  of  detecting  traces  of  mercury  in 
the  concentrated  cadmium  sulphate  solution  and  also  to  estimate 
small  quantities  colorimetrically. 

Hydrochloric  acid  was  found  to  precipitate  mercury  from  these 
solutions  as  mercurous  chloride  which  Ley  and  Himbuchsen6 
have  shown  to  have  a  solubility  of  only  .2  mg.  in  a  liter,  much 
less  soluble  than  silver  chloride.  It  was  found  that  the  mer¬ 
curous  chloride  soon  coagulated  and  filtered  nicely.  It  is  known, 
however,  that  the  solutions  also  contain  a  certain  very  small 
concentration  of  mercuric  mercury,  since  there  is  always  an  equi¬ 
librium  established  between  the  mercurous  and  mercuric  mer¬ 
cury  in  a  solution  which  is  in  contact  with  mercury,  but  in  the 
case  of  mercury  this  equilibrium  favors  the  -ons  state  of  oxidation 
so  that  probably  less  than  one  per  cent,  of  the  mercury  in  solution 
was  in  the  -ic  state.  In  consideration  of  this  point  it  was  deemed 
best  to  follow  the  precipitating  reagent,  HC1,  with  a  reduction 
agent,  and  sulphur  dioxide  was  used.  These  reagents  so  com¬ 
pletely  removed  the  mercury  that  sulphuretted  hydrogen  failed 
to  show  a  trace  of  mercury  in  the  filtrate.  The  mercurous 
chloride  was  easily  collected  in  a  Gooch  crucible,  washed  with 
water  and  dried  in  a  vacuum  desiccator  over  calcium  chloride7. 
It  had  been  previously  shown  that  this  precipitate  could  be  com¬ 
pletely  dried  in  this  way  without  loss  while  it  is  noticeably  volatile 
at  ioo°,  and  again  it  has  been  found  that  this  is  a  most  satis¬ 
factory  analysis  and  an  exceedingly  exact  method  of  determining 
mercury. 

As  soon  as  it  was  found  possible  to  determine  the  mercury 
quantitatively  in  these  cathode  solutions  the  rotation  experiments 
were  repeated  and  a  complete  analysis  was  made  of  the  clear 
solutions  together  with  the  density,  conductivity  and  p.d.  against 
mercury.  These  determinations  have  been  made  also  on  systems 
to  which  known  amounts  of  sulphuric  acid  were  added,  and  from 
these  results  the  solubility  curve  of  mercurous  sulphate  as  a 
function  of  the  sulphuric  acid  concentration  in  this  system  has 
been  determined  and  the  curve  has  given  some  definite  information 

*  Z.  f.  Electrochem.,  10,  301. 

7  Z.  Phys.  Chem.,  49,  500. 
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on  the  hydrolysis  of  mercurous  sulphate  in  a  cadmium  sulphate 
solution. 

Materials,  Apparatus  and  Method. — In  the  previous  experi¬ 
ments8  it  was  found  that  either  the  electrolytic  mercurous  sulphate 
or  the  chemically  prepared  salt  gave  high  values  in  the  rotated 
cathode  system  of  the  cadmium  cell.  The  essentials  are  that  the 
depolarizer  be  normal  mercurous  sulphate,  that  acid  be  rigidly 
excluded  from  the  system  and  that  the  system  be  closed  during 
the  rotation.  For  the  present  work  the  mercurous  sulphate  was 
prepared  by  adding,  drop  by  drop,  a  molecular  solution  of  mer¬ 
curous  nitrate  to  a  rapidly  stirred  sulphuric  acid  solution.  Two 
liters  of  this  acid,  density  1.15,  were  used  in  preparing  125  grams 
of  the  mercurous  sulphate.  The  stirring  was  done  with  a  motor 
and  three  hours  were  taken  for  the  precipitation  so  as  to  obtain 
a  well  crystallized  product  free  of  inclusions.  The  action  of 
light  was  avoided,  while,  with  the  excess  of  acid  used  and  metallic 
mercury  in  both  solutions,  the  basic  salts  could  not  have  formed. 
The  product  was  pure  white,  distinctly  crystalline  and  easily 
washed,  but  as  the  complete  removal  of  acid  was  important, 
particular  attention  was  given  to  this  operation.  The  salt  was 
first  thoroughly  washed  with  molecular  sulphuric  acid,  then  with 
absolute  alcohol,  and  finally  with  some  of  the  solution  in  which 
it  was  to  be  used.  This  was  done  in  a  Gooch  crucible  with  filter 
disk  and  strong  suction  after  each  washing.  Cells  have  been 
constructed  from  time  to  time  with  this  preparation  and  they 
have  shown  the  normal  value  and  have  remained  constant.  The 
cadmium  sulphate  was  recrystallized  and  only  the  clear,  well- 
rinsed  crystals  used,  as  this  salt  is  not  isomorphous  with  other 
sulphates,  impurities  were  not  feared.  The  zinc  sulphate  was 
more  troublesome  to  obtain  in  a  satisfactory  state ;  iron,  lead 
and  cadmium  were  removed  by  the  method  of  Mylius  and  Fromm9. 
The  salt  was  then  recrystallized  and  the  crystals  centrifuged 
(Richards).  The  mercury  used  was  chemically  purified  with  an 
acid  solution  of  mercurous  nitrate  and  then  distilled  under  di¬ 
minished  pressure  with  a  current  of  air  passing  through  with  the 
vapor10,  a  method  that  insures  the  removal  of  such  metals  as 
zinc  and  cadmium. 

8  Phys.  Rev.,  23,  177,  and  25,  19. 

9  Z.  Anorg.  Chem.,  9,  144. 

10  Phys.  Rev.,  21,  388. 
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Conductivity  water  was  used  where  justified  in  making  the  solu¬ 
tions,  and  where  acid  was  to  be  added  to  the  system  the  zinc  or 
cadmium  sulphates  were  dissolved  in  sulphuric  acid  of  known 
strength.  These  acids  were  all  made  by  dilution  from  the  original 
“molecular  sulphuric  acid”  which  was  made  from  distilled  sul¬ 
phuric  acid  and  conductivity  water;  the  density  of  this  molecular 
sulphuric  acid  solution  was  1.05948  at  25 0  and  it  was  found  to  be 
1. 012  molar  by  comparison  with  a  carefully  analyzed  hydrochloric 
acid  solution. 


FIG.  X.  FIG.  2. 


The  systems  were  brought  to  equilibrium  in  tubes  32  mm.  in 
diameter  and  150  mm.  long,  made  as  shown  in  Fig.  1.  A  tube 
was  charged  with  about  100  g.  of  mercury,  a  good  excess,  then 
with  about  20  g.  of  the  crushed  zinc  or  cadmium  sulphate  crystals 
and  25  g.  of  the  properly  washed  mercurous  sulphate  crystals ; 
finally  the  tube  was  filled  to  the  neck  with  the  saturated  zinc  or 
cadmium  sulphate  solution.  Attention  was  given  to  really  saturat¬ 
ing  these  solutions  at  about  25 °.  The  tube  was  now  closed  with 
a  cork,  and  a  rubber  cap  was  drawn  over  the  cork  and  neck  of 
the  tube  to  securely  close  the  system.  The  tube  was  rotated  in 
the  bath  in  a  horizontal  position  and  about  the  longer  axis.  It 
rested  in  the  loops  of  little  belts  which  extended  down  from  a 
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shaft  which  was  fixed  above  the  bath  and  its  speed  so  regulated 
that  the  tube  rotated  at  a  rate  of  io  revolutions  a  minute.  This 
rate  gave  a  most  thorough  mixing  of  the  contents  of  the  tube  but 
was  not  rapid  enough  to  grind  the  solid  contents  to  a  powder  or 
to  cause  the  mercury  to  become  divided  into  fine  globules.  From 
time  to  time  the  tube  was  brought  to  an  upright  position  in  the 
bath,  the  cap  and  cork  were  removed,  and  the  anode  A  of  the  ad¬ 
justable  cell,  Fig.  2,  was  brought  into  contact  with  the  contents  of 
the  tube  and  thus  the  e.  m.  f.  between  the  amalgam  of  this 
anode  and  the  mercury  of  the  system  was  determined.  What¬ 
ever  changes  in  the  e.  m.  f.  were  observed  between  successive 
observations  were  known  to  be  due  to  changes  in  the  p.d.  of 
the  rotated  cathode  system  because  the  anode  was  not  rotated, 
and  with  its  own  unrotated  cathode  C  (Fig.  2)  there  was  always 
a  check  on  the  constancy  of  the  anode  and  also  a  comparison  of 
the  rotated  and  unrotated  system  since  the  same  materials  served 
for  the  construction  of  both  of  these  systems.  Each  of  the 
equilibrium  tubes  was  rotated  until  the  potential  difference  of  the 
system  became  constant,  and  in  some  cases  this  required  two 
weeks  or  more.  .  It  is  to  be  noted  that  during  the  rotation  nothing 
could  enter  or  leave  the  system  nor  at  any  time  since  the  system 
was  quiet  when  the  anode  was  adjusted  and  a  diffusion  of  dis¬ 
solved  mercury  out  through  the  narrow  tube  B  of  the  anode  tester 
during  the  time  of  making  a  measurement  was  not  to  be  con¬ 
sidered11. 

When  the  system  was  in  equilibrium,  as  indicated  by  no  further 
change  in  the  e.  m.  f.,  the  tube  was  allowed  to  stand  quietly  in 
the  bath  for  a  day,  or  until  the  liquid  was  perfectly  clear,  and 
then  the  solution  was  drawn  up  into  a  large  pyknometer  through 
a  little  glass  tube.  The  pyknometer  and  contents  were  brought- 
to  25 0  and  thus  the  mass  of  a  known  volume  of  the  solution  was 
determined.  This  solution  was  transferred,  with  a  little  water, 
to  a  flask,  and  made  acid  with  sulphuric  acid  and  then  the  mercury 
was  precipitated  with  5  ccm.  of  strong  hydrochloric  acid,  and 

11  Attention  is  called  to  this  point  since  it  will  be  readily  seen  that  if  the  anode 
and  cathode  systems  had  been  in  liquid  contact  during  the  rotation  that  the  diffusion 
of  mercurous  sulphate  to  the  anode,  aided  by  convection,  would  have  been  a  maximum, 
and  since  the  hydrolysis  of  mercurous  sulphate  in  this  system  is  an  exceptionally 
slow  reaction,  there  would  have  been  little  change  in  the  mercury  concentration  in 
the  cathode  system,  such  methods  would  not  show  the  real  changes  that  take  place. 
The  neglect  to  guard  against  this  may  possibly  account  for  the  low  results  ob¬ 
tained  in  some  of  the  experiments  lately  made  by  Drs.  F.  A.  Wolff  and  C.  E.  Waters. 
Bull.  Bureau  of  Standards,  Vol.  4,  81. 
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finally  sulphur  dioxide  was  bubbled  into  the  solution  to  reduce 
the  small  amount  of  mercuric  mercury.  The  HgCl  coagulated 
nicely  and  required  only  a  very  thin  felt  in  the  Gooch  crucible; 
it  was  determined  as  already  described  (p.  9)  and  the  weight 
calculated  to  Hg2S04.  The  results  are  regarded  as  accurate  to 
.1  mg.  The  clear  filtrate  was  evaporated  in  a  platinum  dish, 
heated  to  expel  the  hydrochloric  acid  and  excess  of  sulphuric 
acid  and,  after  cooling  in  a  desiccator,  weighed.  The  dish  and 
sulphate  was  then  reheated  for  an  hour  at  about  500 0  in  an 
atmosphere  containing  a  little  SOs  vapor,  cooled  and  re-weighed. 

Thus  for  each  system  the  mass  of  the  solution,  of  the  CdS04, 
and  the  mercury  as  HgCl,  were  directly  determined  while  the 
water  was  had  by  difference.  In  case  acid  had  been  added  a 
further  calculation  was  necessary,  for  example,  Experiment  No. 
1,  “Cadmium  system  in  molar  sulphuric  acid” — the  dissolved 
CdS04  8/3  H20  added  its  water  of  crystallizatoin  to  the  solution, 
but  the  amount  was  obtained  from  the  weight  of  the  CdS04  and 
with  this  the  amount  of  H2S04  in  the  volume  of  the  solution 
taken  was  determinable,  in  this  experiment  where  molar  sulphuric 
acid  had  been  used  the  solution  was  only  .810  molar  in  respect 
to  sulphuric  acid. 

The  thermostat  used  in  the  previous  work12  maintained  the 
temperature  to  within  .02°  of  25 0  throughout  long  runs  and  ma¬ 
terially  aided  in  the  accuracy  of  many  of  the  measurements.  The 
temperature  was  determined  by  a  1/500  calibrated  thermometer 
which  was  checked  at  32.383°,  the  transition  point  of  sodium 
sulphate  (Richards  and  Wells).  The  two  pyknometers  used  were 
calibrated  from  time  to  time  and  it  was  found  that  the  mass  of 
the  pyknometer,  alone  or  filled  with  water,  was  determinable  to 
less  than  ^2  mg.  The  volumes  were:  No.  1,  47.7605,  and  No.  2, 
49.0856  ccm3  at  25°.  All  weighings  were  made  by  the  substi- 
tutoin  of  calibrated  weights  and,  where  justifiable,  vacuum  cor¬ 
rections  were  made.  The  conductivity  measurements  were  made 
in  the  usual  way ;  a  long  narrow  “Arrhenius”  cell  with  a  capacity 
factor  of  8,040  was  used. 

In  the  e.  m.  f.  determinations  the  same  precautions  and 
apparatus  were  used  as  in  the  previous  work13,  it  was  found 

12  Phys.  Rev.,  25,  19. 

13  Phys.  Rev.,  25,  29. 
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quite  necessary  to  thoroughly  insulate  the  lead  wires  to  the  rota¬ 
tion  tubes  and  for  the  adjustable  cells,  since  they  dipped  into 
the  water  bath ;  this  was  done  by  covering  them  with  glass 
tubes  as  indicated  in  Figs,  i  and  2. 

CATHODE  SYSTEMS  OE  THE  CADMIUM  CELL. 

Experiment  1,  system  in  1.012  molar  sulphuric  acid,  roated 
8  days, v  25  °. 


Mass 

of  solution 

in  49.0856  c.  cm . 

•  •  •  75-377  g- 

Moles  in  a 

a 

“  CdS04 

a  a  a 

-  -  •  27.384  “ 

2.6757 

a 

“  Hg2S04 

a  a  a 

.0371  “ 

.001524 

u 

“  H20 

a  a  a 

•  •  •  44-05I  “ 

48.683 

ii 

“  h2so4 

ii  a  ii 

•  •  •  3-905  “ 

.810 

I425 

..  .1.53564 

E.  m.  f . 

. .  .  1.01678  V. 

A  25  • 

. . .  .14423 

Adjustable  cell..  . . 

Experiment  2,  system  in  .506  molar  sulphuric  acid,  rotated 
5  days,  250. 


Mass  of  solution 

in 

47.7605  c 

cm . 

.  75.209  g.  Moles  in  a  liter. 

“  “  CdS04 

u 

U 

.  29.989  “ 

3.0116 

“  “  Hg2S04 

u 

u 

U 

.0442  “ 

.001867 

“  “  h2o 

iC 

u 

U 

•  43-330  “ 

50.860 

“  “  h2so4 

it 

(( 

ii 

-  1.847  “ 

•384 

D25  -  1.5751  I 

E.  m.  f... 

,  . . 

.  1.01747  V. 

A  25  . 07738 

Adjustable  cell . 

-  1.01745  “ 

Experiment 

system 

in  .2024 

molar  sulphuric 

acid,  rotated 

6  days,  250. 


Mass 

of  solution 

in 

47.7605  c.  cm . 

•  •  •  76.433  g. 

Moles  in  a 

ii 

“  CdS04 

ii - 

ii  a 

. .  .  32.0905  “ 

3.2226 

ii 

“  Hg2S04 

ii 

a  a 

. .  .  .0478  “ 

.002017 

U 

h2o 

ii 

a  a 

43-570  “ 

50.641 

a 

“  h2so4 

a 

a  a 

.7263  “ 

•  155 

14  25 

. .  .  1.60032 

E.  m.  f . 

A  25  . 

•••  .05350 

Adjustable  cell..  . . 

. .  .  1.01802  “ 

Experiment  4,  system  in  .1012  molar  sulphuric  acid,  rotated 
10  days,  250. 


Mass  of  solution  in  47.7605  c.  cm. .......  76.836  g. 

“  “  CdS04  “  “  “  .  32.805  “ 

“  “  Hg2S04  “  “  “  . 04937 

“  “  H20  “  “  “  .  43-622  “ 

“  “  H2SOt  “  “  “  .  '  .360  “ 

D25  ....1.60880  E.  m.  f .  1.01823  V. 

A  25  . 04674  Adjustable  cell .  1.01821.  “ 


Moles  in  a  liter. 
3.2944 
.002084 
50.700 
.0769 
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Experiment  5,  system  in  .05064  molar  sulphuric  acid,  rotated 
7  days,  25  °. 


solution 

in 

47.7605  c.  cm . 

...  77.032  g. 

Moles  in  a 

CdS04 

<<  a 

-  -  -  33-120 

3.3260 

Hg2S04 

a 

a  u 

.05176  “ 

.002185 

h2o 

<c 

<6  u 

. .  .  43-68o  “ 

50.722 

h2so4 

a 

U  iC 

...  .180  “ 

.0384 

.1.61289 

E.  m.  f . 

...  1.01834  V. 

•04372 

Adjustable  cell.. . . 

Experiment  6,  system  in  .02024  molar  sulphuric  accid,  rotated 
13  days,  25  °. 


Mass  of  solution  in  49.0856  c.  cm 
“  “  CdS04  “ 

“  “  Hg2S04 

"  “  h2o 

“  “  h2so4 

D25  ....1.61565  E.  m.  f... 

A  25  . 04180  Adjustable  cel] 


u 

a 


u 

a 


o * 
u 


79-304 

34-262 

•05514  “ 

44.914 

•O  737 
1.01847  V. 
1.01835  “ 


a 

u 


Moles  in  a  liter. 

3-348 

.002265 

50.910 

•0153 


Experiment  7,  system  without  acid  added,  rotated  21  days,  25 °. 


Mass  of  solution  in  47.7605  c.  cm 
“  “  CdS04 

“  “  Hg2S04 

“  “  H20 

Do5  ....  1.61747  E.  m.  f 
A  25  . 04037  Adj  ustable  cell 


(( 

(( 

a 


u 

u 


(( 

u 

a 


g. 

a 


77-251 

33-470 
.0640  “ 

43-717  “ 

1. 01905  V. 
1.01837  “ 


Moles  in  a  liter. 
3-36i 
.002701 
50.800 


Experiment  8,  system  without  acid  added,  rotated  21  days,  25  °. 


Mass  of  solution  in  49.0856  c.  cm 
“  “  CdS04 

“  ,c  Hg2S04 

“  <£  h2o 

D25  ....1.61771  E.  m.  f. 

A  25  . 04057  Adj  ustable  cel] 


U 

a 

{< 


a 

a 

u 


79405  g- 

34-435  “ 
.0726  “ 

44.897  “ 

1. 01 940  V. 
1.01836  “ 


Moles  in  a  liter. 

3-365 

.002980 

50.770 


Experiment  9,  system  without  acid  added,  fresh  solution  was 
added  to  the  solids  of  experiment  8,  rotated  20  days,  25 °. 


Mass  of  solution  in  49.0856  c.  cm .  79-402  g. 

“  “  CdS04  ££  “  “  .  34417  “ 

“  “  Hg2S04  “  “  “  . 0742  “ 

£‘  “  H20  <£  £<  “  .  44.911  “ 

D25  _ 1.61765  E.  m.  f.  .  1. 0201 5  V. 

A  25 . 04061  Adjustable  cell .  1.01836  “ 


Moles  in  a  liter. 

3-363 

.003047 

50.790 


CATHODE  SYSTEM  OE  THE  CLARK  CELL. 

Experiment  10,  system  with  1.012  molar  sulphuric  acid,  rotated 
8  days,  25  °. 
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Mass 

of  solution 

in 

49.0856  c.  cm . 

72.2942  g. 

Moles  in  a  liter. 

U 

££  ZnS04 

U 

a 

a 

24.000  “ 

3.028 

« 

££  Hg2S04 

a 

u 

a 

.0296  ££ 

.001216 

(6 

££  h2o 

u 

(( 

a 

45.500  “ 

51.460 

U 

££  H2SO* 

(( 

a 

u 

2.765  “ 

•5744 

Da 

..  .1.47436 

E.  m.  f . 

1.41588  V. 

A  25  . 

. . .  .08588 

Adjustable  cell . 

1.41595  “ 

Experiment  n,  system  with  .506  molar  sulphuric  acid,  rotated 
3  days,  25  °. 


Mass  of  solution 

in 

49.0856  c.  cm . 

...  72.7524  g- 

Moles  in  a 

££  ££  ZnS04 

u 

a  a 

...  25.355  ££ 

3.1993 

££  ££  Hg2S04 

( c 

((  u 

.03516  ££ 

.001444 

££  ££  H20 

cc 

a  u 

. .  .  46.032 

52.060 

££  ££  H2S04 

a 

u  u 

• ..  1.330 

.2/0 

D25  ....1.48214 

E.  m.  f . 

. .  .  1.41813  V. 

A  25 . 061  10 

Adjustable  cell.. . . 

1.41810  ££ 

Experiment  12,  system  with  .1012  molar  sulphuric  acid,  rotated 
3  days,  25 


Mass  of  solution  in  49.0856  c.  cm.  . 

“  “  ZnS04  “  “  “ 

“  “  Hg2S04  “  “  “  . . 

“  “  H20  “  “  “ 

“  “  H2S04  ££  ££  ££  .. 

D25  - 1.49037  E.  m.  f . 

A  25 . 04500  Adjustable  cell 


73-155 

26.402 

.03942 

46.455 


g- 

i  £ 


a 


•259 

1.42016  V. 
1. 42015  ££ 


Moles  in  a  liter. 

3-331 

.001619 

52.537 

-0537 


Experiment  13,  system  without  acid  added,  rotated  55  days,  25  °. 


Mass  of  solution  in  49.0856  c.  cm.  . 

££  ££  ZnS04  ££  ££  ££  .. 

££  ££  Hg2S04  ££  ££  ££  .. 

££  ££  H20  ££  ££  ££  .. 

D25  ....1.49308  E.  m.  f . 

A  25 . 04141  Adjustable  cell 


....  73.288  g. 

Moles  in  a  liter, 

.  .  .  .  26.637 

3-361 

. O4IO8  £f 

.001687 

.  .  .  .  46.610 

52.710 

.  . . .  1.42047  V. 

-  1.42043 ££ 

In  the  present  state  of  our  knowledge  of  solutions,  solubility 
results  are  best  expressed  as  parts  or  moles  to  100  g.  of  solvent, 
hut  in  the  present  case  the  solvent  water  was  determined  by  differ¬ 
ence  and  included  all  the  other  errors,  while  the  volume  of  the 
solution  analyzed  was  so  accurately  known  it  seemed  best  to  cal¬ 
culate  the  results  to  moles  in  a  liter,  and  this  data  is  found  in  the 
last  column  of  tables.  The  character  of  the  curves  obtained  were 
the  same  which  ever  way  the  observations  were  calculated. 

It  is  well  known  that  acid  decreases  the  e.  m.  f.  of  standard  cells, 
and  this  may  be  seen  at  once  from  the  tabulated  results.  On 
plotting  the  electromotive  forces  as  a  function  of  the  acid  con- 
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centrations,  the  curve  proved  to  be  a  straight  line,  and  in  the 
case  of  the  Clark  cell  the  most  probable  curve  for  the  four  deter¬ 
minations  showed  that  a  change  of  one  millivolt  in  the  e.  m.  f.  of 
the  cell  corresponded  to  a  change  of  .121  moles  in  a  liter  of  the 
sulphuric  acid.  In  the  case  of  the  cadmium  cell  the  linear  function 
applies  only  for  concentrations  greater  than  .1  molar  acid,  since 
for  very  small  acid  concentrations  the  e.  m.  f.  curve  changes  are 
very  great  and  follow  quite  different  curves,  but  for  the  region 
of  .1  molar  sulphuric  acid  and  beyond  a  change  of  one  millivolt 
in  the  e.  m.  f.  of  the  cell  corresponds  to  a  change  of  .410  moles 
in  the  acid  concentration  of  the  electrolyte,  so  sulphuric  acid  has 
a  much  less  effect  on  the  e.  m.  f.  of  the  cadmium  cell  than  in  the 
Clark  cell. 

On  inspecting  the  tables  it  is  seen  that  the  rotation  does  not 
effect  the  e.  m.  f.  of  the  Clark  cell;  in  experiment  13  the  rotated 
cathode  system  of  the  Clark  cell  had  the  same  potential  difference 
as  did  the  unrotated  cathode  system  of  the  adjustable  cell.  This 
is  also  true  in  experiments  10,  11  and  12,  where  acid  had  been 
added,  also  in  the  case  of  the  cadmium  cell,  where  sufficient  acid 
had  been  added  there  was  no  essential  difference  between  the 
rotated  and  unrotated  cathode  systems,  as  was  found  in  experi¬ 
ments  1,  2,  3,  4  and  5.  But  in  experiment  6,  with  only  .0153 
moles  of  sulphuric  acid  to  the  liter  of  electrolyte,  the  rotated 
system  was  .00012  volts  higher  than  the  unrotated  adjustable  cell, 
and  in  experiments  7,  8  and  9,  where  no  acid  was  added,  the 
observed  increase  in  e.  m.  f.  was  from  .00070  to  .00189  volts. 
These  high  values  did  not  remain  constant  when  the  rotation  was 
stopped,  but  decreased  on  standing.  The  first  readings  were 
generally  taken  in  about  a  minute  after  stopping  the  rotation  and 
then  at  intervals.  On  plotting  these  observations  it  was  possible 
to  get  the  value  at  the  moment  of  stopping  the  rotation.  For 
example,  in  experiment  9,  one  of  the  last  observations  made  was 
as  follows : 

iy2  minutes  after  stopping  the  rotation,  e.  m.  f .  1.0200 

2^2  “  “  “  “  “  “  .  1. 01992 

6l/e  “  “  “  “  “  “  .  1.01977 

24  “  Ci  “  “  “  “  1.01968 

and  this  indicated  1. 0201 5  as  the  initial  value  with  an  error  prob¬ 
ably  not  greater  than  .00005.  That  this  was  the  true  value  was 
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shown  by  removing*  some  of  the  clear  superantant  liquid  and  test¬ 
ing  it  an  a  clean  mercury  surface14.  The  reason  for  the  decrease 
on  standing  will  soon  be  given. 

It  was  expected  that  sulphuric  acid  would  decrease  the  solubility 
of  the  sulphates  in  these  systems  and,  for  a  given  temperature  the 
solubility  of  the  mercurous  sulphate  and  cadmium  sulphate  (or 
zinc  sulphate)  should  decrease  uniformly  with  increasing  acid 
concentration,  and  on  plotting  the  results  this  was  found  to  be 
true  for  all  except  the  mercurous  sulphate  in  the  cathode  system 
of  the  cadmium  cell ,  the  results  are  represented  by  curve  I,  Fig 


Fig. 3 

3.  For  a  concentration  of  .810  molar  sulphuric  acid  in  the  system 
the  mercurous  sulphate  was  .001524  moles  in  a  liter;  and  as  the 
acid  concentration  decreased  the  mercury  concentration  increased 
uniformly  until  the  acid  had  been  reduced  to  .08  moles  in  a  liter. 
The  results  between  these  values  gave  a  straight  line  which  was 
extended  to  zero  concentration  of  acid.  The  mercurous  sulphate 
found  for  the  .0384  molar  sulphuric  acid  was  distinctly  above 
this  line  by  4.5  per  cent,  of  its  value  while  for  the  concentration 
of  .0153  acid  in  the  system  the  mercury  was  7.3  per  cent,  too 
high,  and  for  the  systems  without  acid  were  some  35  per  cent, 
greater  than  the  normal  .solubility  obtained  by  exterpolating  the 


14  Phys.  Rev.,  25,  27. 
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curve.  In  short,  there  is  a  distinct  break  in  the  solubility  curve 
of  mercurous  sulphate  in  the  cathode  system  of  the  cadmium 
cell,  and  as  soon  as  the  sulphuric  acid  concentration  has  been 
reduced  to  .08  moles  in  a  liter,  and  this  indicates  a  change  in 
the  nature  of  the  solid  mercurous  sulphate  or  that  a  chemical 
reaction  begins  and  takes  place  below  this  concentration.  From 
the  well  known  behavior  of  mercury  salts  there  can  be  no  hesi¬ 
tation  in  concluding  that  a  saturated  solution  of  cadmium  sul¬ 
phate  hydrolyzes  mercurous  sulphate.  It  is  also  evident  that  this 
change  in  the  solubility  curve  of  mercurous  sulphate  cannot  be 
due  to  the  cadmium  sulphate  since  the  solubility  curve  of  this  salt 
in  the  system  increased  uniformly  with  decreasing  acid  concen¬ 
tration  without  a  suggestion  of  discontinuity  at  .08  moles  of 
sulphuric  acid. 

When  mercurous  sulphate  comes  into  a  cadmium  sulphate 
solution  it  begins  to  dissolve  and  to  hydrolyse,  and  instead  of  the 
mercury  concentration  in  the  solution  becoming  constant,  when 
the  system  is  saturated  in  respect  to  mercurous  sulphate,  this  con¬ 
centration  keeps  on  increasing  as  the  slow  hydrolysis  yields  basic 
salt  and  acid.  In  time,  the  solution  becomes  saturated  in  respect 
to  this  basic  salt,  which  then  appears  as  a  solid  phase.  But  the 
hydrolysis  will  not  stop  at  this  point  until  the  acid  formed  by 
the  reaction  has  reached  the  equilibrium  concentration  of  .08  moles 
in  a  liter.  Now  the  basic  salt  has  a  very  small  solubility,  less 
than  the  normal  salt,  which  is  only  .00214  moles  in  a  liter;  so 
the  acid  concentration  was  very  far  from  the  equilibrium  concen¬ 
tration  when  the  basic  salt  appeared  as  a  solid.  This  state  of 
affairs  at  once  explains  the  seemingly  abnormal  behavior  of  the 
cells  in  which  mixtures  of  basic  and  normal  salts  were  used  as 
depolarizers15.  It  was  expected  that  any  mixture  of  basic  and 
normal  salt  which  contained  an  excess  of  both  salts,  would  give 
a  definite  concentration  of  mercury  for  each  temperature  and 
thus  a  definite  reproducible  value  to  the  cells.  But  they  did  not 
agree,  and  all  showed  a  decreasing  e.  m.  f.  indicating  that  the 
cathode  systems  were  not  in  equilibrium.  The  explanation  that 
seemed  most  probable  at  that  time  was  as  follows :  The  basic 
salt  added  to  the  system  had  been  formed  by  the  action  of  water 
on  mercurous  sulphate,  it  was  possibly  not  the  same  as  that 


15  Phys.  Rev.,  22,  328. 
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formed  in  a  cadmium  sulphate  solution  and  was  therefore  ineffec¬ 
tive  in  stopping  the  hydrolysis.  Now  it  appears  that  the  basic 
salt  was  quite  incapable  of  stopping  the  hydrolosis,  and  since  the 
necessary  acid  concentration  was  lacking  the  behavior  of  these 
cells  is  readily  understood.  Cox16  concluded  that  there  is  but  one 
basic  mercurous  sulphate,  and  the  behavior  of  these  cells  may  now 
be  brought  into  harmony  with  this  view.  We  may  then 
write  the  reaction  as  follows :  2Hg2S04  -j-  2H20  = 

Hg2(0H)2Hg2S04  +  H2S04,  and  it  is  possible  to  get  some 
idea  of  the  extent  of  this  hydrolysis  in  the  rotation  experiments. 
In  none  of  these  experiments  was  the  maximum  mercury  con¬ 
centration  the  point  of  saturation,  of  normal  and  basic 
salt  attained,  so  we  may  conclude  that  the  basic  salt  formed  was  all 
in  solution,  and  the  increase  in  the  mercury  concentration  dur¬ 
ing  the  rotation  is  a  measure  of  the  amount  of  hydrolysis.  In 
experiment  9,  the  analysis  showed  .003047  moles  of  mercurous 
sulphate  in  a  liter,  while  the  normal  solubility  of  mercurous 
sulphate  in  a  cadmium  sulphate  solution  may  be  taken  to  be 
.00214  miles  in  a  liter,  as  seen  from  curve  1,  Fig.  3.  The  differ¬ 
ence,  .0009  miles,  represents  the  •  amount  of  hydrolysis,  and 
according  to  the  reaction  a  mole  of  mercurous  sulphate  gives  only 

mole  of  sulphuric  acid  on  hydrolysing,  so  the  acid  concentra¬ 
tion  in  this  system  was  only  .00045  moles  of  sulphuric  acid  in 
a  liter,  an  amount  that  could  readily  escape  detection  by  any 
ordinary  means ;  and  we  see  at  once  why  the  attempts  to  find 
acid  in  the  rotated  systems  or  old  cells  have  failed.  Attention 
is  called  to  the  small  amount  of  this  hydrolosis  in  a  cadmium 
sulphate  solution,  even  under  the  most  favorable  conditions  in 
the  rotation  tubes  had  only  produced  .00045  moles  of  sulphuric 
acid  in  three  weeks,  where  .08  were  required  before  equilibrium 
was  established.  This  .0009  represents  the  total  change  in  the 
rotated  system ;  if  the  reaction  was  largely  at  the  mercury  surface, 
the  rate  may  have  been  fairly  rapid  at  that  point,  but  we  will  first 
consider  the  peculiarities  of  the  cadmium  cell. 

Lord  Rayleigh,  in  1884,  suggested  that  impurities  in  the  mer¬ 
curous  sulphate  used  as  depolarizer  were  responsible  for  observed 
variations  in  the  e.  m.  f.  of  Clark  cells;  and  this  was  later  empha¬ 
sized  by  Swinburn17,  while  Jaeger  and  Lindeck18  came  to  the 

18  Z.  Anorg.  Chem.,  40,  178. 

17  Brit.  Association  Report,  1901. 

18  Z.  Instrk.,  21,  33. 
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same  conclusions  about  the  cause  of  the  variations  in  the  e.  m.  f. 
of  cadmium  cells,  but  there  was  no  suggestion  as  to  the  nature 
of  the  suspected  impurity.  Some  idea  as  to  the  nature  of  the 
impurity  was  first  had  when  precautions  were  taken  to  avoid 
the  formation  of  basic  mercurous  sulphate  in  preparing  the  depol- 
larizer  and  when  the  specifications  for  making  the  cell  were  so 
altered  as  to  avoid  hydrolysing  the  mercurous  sulphate  in  making 
the  paste.  Then  it  was  found  that  the  cells  had  much  greater 
reproducibility  and  especially  that  the  high  preliminary  values  and 
subsequent  decrease  in  e.  m.  f.,  characteristic  of  cells  constructed 
in  the  old  way,  had  disappeared.  These  results  pointed  to  the 
basic  salt  and  hydrolysis  as  the  disturbing  elements.  The  first 
cells  constructed  according  to  these  principles  were  the  four  (D) 
cells  made  in  December,  1903,  and  described,  together  with  the 
method  of  construction,  in  a  paper  by  Carhart  and  Hulett  read 
at  the  Washington  meeting  of  the  American  Electrochemical 
Society,  April,  190419.  In  February,  1904,  twelve  (F)  cells  were 
made,  and  the  agreement  among  themselves  and  with  the  (D) 
cells  indicated  a  reproducibility  of  one  part  in  100,000.  But  in 
time  deviations  in  the  values  of  these  cells  were  observed,  and 
in  October,  1905,  when  more  cells  were  made  according  to  the 
same  specifications,  and  they  had  a  value  about  one  part  in 
10,000  greater  than  the  older  D  and  F  cells.  Since  then  cells 
have  been  made  at  intervals ;  they  have  all  been  kept  in  an  oil 
bath  which  very  seldom  varied  .01 0  from  25 °.  Some  120  cells 
have  been  made  according  to  these  specifications  during  the  last 
five  years ;  some  like  the  D  and  F  cells  showed  a  slow 
decrease,  others  have  remained  constant,  and  again  others 
have  a  marked  and  steadily  decreasing  value  and  have  become 
so  low  that  they  have  been  rejected  as  entirely  worthless.  Con¬ 
sidering  only  the  cells  which  have  not  been  rejected,  a  comparison 
at  the  present  time  shows  values  ranging  from  1.01848  to  1.01827 
v.,  the  older  ones  being  the  lowest.  Cells  have  been  made  at 
the  Bureau  of  Standards  (Bull.  Bureau,  of  Standards  4.1  and 
at  the  National  Phys.  Lab.20)  according  to  the  principles  just 
indicated.  Some  of  the  cells  described  by  F.  E.  Smith,  l.c.  400, 
show  unmistakably  this  decreasing  e.  m.  f.,  and  the  author  was 

19  See  also  Trans.  Amer.  Electrochem.  Soc.,  5,  59.  Trans.  International  Electrical 
Congress  St.  Eouis,  Vol.  2,  109-126.  Z.  Phys.  Chem.,  49,  483. 

20  Philos.  Trans.  A.,  207,  400. 
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unable  to  assign  a  reason  for  the  observed  changes,  but  observed 
discolorations  in  the  paste  of  some  of  these  “abnormal”  cells, 
a  phenomenon  which  has  appeared  in  some  of  our  cells  which 
have  fallen  to  a  very  low  value. 

In  interpreting  the  observed  changes  in  the  e.  m.  f.  of  these 
cadmium  cells,  account  must  be  taken  of  the  conditions  in  the 
cell ;  the  viscous  solution  and  fine  grained  paste  so  retard  diffusion 
and  convection  that  concentration  differences  persist  and  play  a 
decided  role.  It  is  the  layer  of  solution  immediately  next  to 
the  mercury  electrode  and  its  mercury  concentration  that  deter¬ 
mines  the  potential  difference  in  the  cathode  leg.  That  this  layer 
in  the  cadmium  cell  is  different  from  the  rest  of  the  electrolyte 
in  the  cathode  leg  is  shown  by  the  rotation  experiments.  When 
the  system  was  rotated  the  solution  became  of  uniform  concen¬ 
tration  throughout,  and  the  e.  m.  f.  observed  immediately  on  stop¬ 
ping  the  rotation  gave  the  potential  between  mercury  and  the 
solution,  but  as  soon  as  the  “paste”  settled  down  on  the  mercury 
the  potential  began  to  decrease,  rapidly  at  first,  and  then  more 
slowly.  The  clear  supernatent  liquid,  however,  when  brought 
onto  a  clean  mercury  electrode,  still  continued  to  show  the  original 
high  potential  against  mercury21,  and  thus  it  was  seen  that  only 
the  mercury  concentration  in  the  surface  layer  that  had  changed. 

All  of  these  facts  may  now  be  readily  interpreted  by  making  a 
single  assumption,  namely,  that  the  rate  of  hydrolysis  of  mer¬ 
curous  sulphate  is  accelerated  by  a  plain  mercury  surface.  Basic 
salt  and  acid  would  then  form  more  rapidly  in  the  surface  layer 
than  in  the  rest  of  the  electrolyte,  and  owing  to  the  difficulty  of 
diffusion  from  this  layer  it  would  rapidly  become  saturated  and 
begin  to  deposit  the  basic  salt,  and  with  the  increasing  acid  con¬ 
centration  in  the  surface  layer,  the  mercury  concentration  passed 
at  once  into  the  descending  part  of  curve  1,  Fig.  3. 

Thus  it  is  that  only  decreasing  electromotive  forces  are  ob¬ 
served  in  the  cadmium  cell,  and  in  the  rotated  system  the  high 
values  obtained  began  to  decrease  as  soon  as  the  solids  settled 
down  on  the  mercury  and  retarded  the  diffusion  of  the  acid  from 
the  surface  layer,  and  this  layer  came  at  once  into  the  descending 
part  of  the  curve.  Stirring  the  paste  at  once  brought  back  the 
high  e.  m.  f.  and  the  true  potential  between  the  mercury  and  the 


21  Phys.  Rev.  25,  27. 
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system.  As  soon  as  hydrolysis  was  prevented  by  the  addition  of 
sufficient  acid,  these  changes  entirely  disappeared  from  the  cell 
and  the  rotated  system,  and  this  fact  has  defeated  all  attempts  to 
explain  the  phenomena  from  the  standpoint  of  oxidation  and 
reduction  or  as  due  to  surface  tension. 

The  normal  solubility  of  mercurous  sulphate  in  a  cadmium 
sulphate  solution  was  found  to  be  .00214  moles  in  a  liter,  and 
no  doubt  the  solution  in  the  paste  contains  a  somewhat  greater 
concentration  than  this.  When  saturated  with  both  normal  and 
basic  salt,  the  concentration  is  not  far  from  .004  miles  of  mer¬ 
curous  mercury  in  a  liter,  so  it  is  seen  that  the  surface  layer  has 
only  a  short  distance,  in  quantity,  to  go  to  enter  the  descending 
part  of  the  curve,  and  the  decrease  then  depends  on  the  amount 
of  the  acid  generated  in  the  surface  layer  and  the  effectiveness 
of  the  paste  in  preventing  its  diffusion.  It  is  at  once  seen  that 
diffusion  will  not  cease  until  the  whole  system  has  reached  the 
equilibrium  concentration  of  .08  miles  of  sulphuric  acid  in  a  liter, 
and,  as  this  does  not  take  place  even  under  favorable  conditions, 
hydrolysis  does  not  cease,  and  the  basic  salt  continues  to  form  at 
the  expense  of  the  normal  salt,  and  this  change  continues  until 
the  normal  salt  has  all  disappeared  from  the  vicinity  of  the 
electrode  and  there  is  the  possibility  of  the  surface  layer  to  ap¬ 
proach  the  very  low  mercury  concentration  due  to  the  basic  salt, 
although  there  is  still  plenty  of  normal  salt  in  the  paste. 

Furthermore,  there  is  evidence  that  the  basic  salt  Hg2(OH)2 
Hg2S04  does  not  remain  intact22,  but  suffers  further  hydrolysis 
to  mercurous  oxide  and  acid.  The  mercurous  oxide  is  very  un¬ 
stable,  yielding  mercuric  oxide  and  oxygen  and  the  conditions 
for  the  formation  of  the  very  insoluble  basic  mercunV  sulphate, 
a  bright  yellow  compound.  The  yellow  coloration,  noted  by 
Smith23  and  confirmed  by  the  appearance  of  some  of  our  cells 
which  have  gone  to  a  very  low  value,  has  been  taken  to  indicate 
the  presence  of  this  basic  mercuric  sulphate,  as  the  basic  mer- 
cuvous  sulphate  is  colorless  or  gray24.  It  is  quite  within  the 
possibilities  that  these  insoluble  basic  sulphates  separate  out  as 
incrustations  on  the  mercurous  sulphate  and  cadmium  sulphate 
crystals  in  the  vicinity  of  the  electrode  and  in  this  way  decidedly 

22  Z.  Phys.  Chem.,  49,  491. 

23  Trans.  Rov.  Soc.,  A.,  207,  407. 

24  Z.  Phys.  Chem.,  49,  491. 
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affect  equilibrium  conditions  controlled  by  these  salts.  It  is  true 
that  only  a  certain  per  cent,  of  cadmium  cells  fall  to  the  very  low 
values,  and  the  number  increases  with  the  age  of  the  cells.  It 
is  not  surprising  that  the  phenomenon  does  not  appear  in  all  cells, 
no  more  so  than  the  fact  that  supersaturated  solutions,  as  near 
alike  as  we  can  make  them,  do  not  all  crystallize.  The  cause  is 
possibly  the  same  in  both  cases,  as  the  basic  salt  need  not  appear 
as  solid  phase  until  the  solution  is  supersaturated  in  respect  to 
them. 

Some  cells  made  in  1904  now  become  of  interest.  In  order 
to  make  cells  with  a  lower  internal  resistance,  a  coarse  grained 
paste  only  3  or  4  mm.  deep  was  used.  The  mercurous  sulphate 
was  formed  electrolytically  on  a  large  mercury  anode  in  sulphuric 
acid  and,  with  the  low  current  density  used,  these  crystals  were 
several  days  in  forming.  Ten  of  these  (N)  cells  were  made  on 
November  29,  1904,  and  their  record  for  the  first  four  months 
follows : 


Cell 

Nov.  30. 

Dec.  7. 

Dec.  12. 

Jan.  10. 

Feb.  1. 

Mar.  1. 

Apr.  4. 

Nl.  .. 

.  .  .  I.O1842 

I.O1843 

I.O184I 

I.O1839 

I.O1835 

1.01822 

I.OI776 

N2.  .. 

44 

43 

41 

45 

41 

46 

830 

Nh . . . 

44 

4i 

40 

40 

35 

26 

797 

N4. . . 

44 

42 

40 

42 

39 

34 

797 

Nl.. 

43 

41 

40 

44 

4i 

39 

808 

N6.  . . 

43 

42 

40 

4i 

4i 

40 

822 

N 7. .. 

44 

4i 

40 

40 

38 

37 

812 

N8... 

43 

45 

40 

36 

32 

37 

828 

N9.  .. 

43 

40 

40 

•  • 

3.1 

19 

789 

Nio.  . 

43 

43 

45 

45 

42 

40 

824 

These  cells 

were  found  to  be 

in  excellent  agreement  after  two 

weeks,  but  soon  began  to  show 

irregularities,  and 

in  four  months 

were 

so  irregular  and  low  that  observations  were 

discontinued  on 

all  but  N9  and  Nio. 

1905 

1906 

_ : _ a_ 

r 

June  2. 

Nov.  12. 

Dec.  14. 

f 

May  12. 

July  7- 

Aug.  14. 

> 

Oct.  2. 

N9. .. 

. .  1.01766 

I.OI7I5 

I. OI 722 

1. 01600 

II.OI462 

1.01364 

1.01228 

Nio. . 

. 

I.O1815 

I.Ol8l6 

1.01813 

I.01813 

1.01812 

1.01810 

It  is  interesting  to  notice  that  the  first  comparison  of  these  cells, 
soon  after  they  were  made,  showed  values  if  anything  slightly 
higher  than  the  “normal”  value  of  the  cadmium  cell,  so  it  is  to  be 
concluded  that  coarse  crystals  and  a  small  amount  of  them  in  the 
paste  were  nevertheless  able  to  saturate  the  solution,  and  in  a 
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comparatively  short  time,  but  the  conditions  were  very  favorable 
for  diffusion  to  take  place  and  for  the  changes  just  outlined  to 
come  into  play  with  the  results  we  would  now  expect.  It  was 
these  cells  particularly  that  suggested  that  attention  was  to  be 
given  to  the  depth  of  the  paste20  in  the  cadmium  cell. 

H.  v.  Steinwehr27  found  that  by  grinding  the  mercurous  sul¬ 
phate  to  a  fine  powder  that  an  increased  potential  was  produced 
against  mercury  in  a  cadmium  sulphate  solution,  and  he  at  once 
concluded  that  all  variations  of  standard  cells  were  due  to  the 
size  of  grains  of  the  depolarizer,  v.  Steinwehr  used  a  large  grained 
mercurous  sulphate  and  selected  those  of  a  uniform  size,  but  the 
cells  were  irregular  and  inconstant,  and  the  author  attributed 
their  behavior  to  the  little  crystals  which  grew  on  the  larger 
ones.  From  the  facts  now  at  hand  it  is  to  be  concluded  that 
surface  tension  had  very  little  to  do  with  v.  Steinwehr’s  experi¬ 
ments.  Not  only  is  the  effect  of  the  size  of  particles  not  to  be 
feared  in  constructing  the  cadmium  cell,  but  it  may  be  concluded 
that  a  rather  fine  grained  paste  of  good  depth  would  give  the  most 
constant  results  in  the  cadmium  cell.  The  old  way  of  washing 
the  mercurous  sulphate  with  water  made  for  constancy  in  this 
system,  as  the  wash  water,  which  was  acid,  was  not  entirely 
removed  in  making  the  paste.  That  such  cells  do  remain  constant 
is  shown  by  the  results  just  published28  by  Prof.  Carhart  on  his 
(B)  cells  which  were  made  in  1903,  and  have  been  con¬ 
stant  for  over  four  years.  Reproducibility  should  be  ob¬ 
tained  by  preparing  the  mercurous  sulphate  in  a  definite  way, 
and  with  a  fine  grained  preparation  made  to  a  paste  in  the  old 
way  the  cadmum  cells  would  not  show  the  changes  now  en¬ 
countered.  It  is  questionable  whether  the  new  method  of  con¬ 
struction  gives  a  sufficiently  greater  reproducibility  to  the  cadmium 
cell  to  justify  the  attempt  to  exclude  the  basic  salt  from  the 
depolarizer.  If  the  basic  salt  is  formed  in  the  cell  there  is  no 
point  to  many  of  the  precautions  now  taken. 

If  we  start  with  mercury,  mercurous  sulphate  and  a  cadmium 
sulphate  solution,  there  is  little  hope  of  bringing  the  system  to 
equilibrium  as  shown  by  the  rotation  experiments  and  subsequent 
analyses.  The  equilibrium  might  be  approached  from  the  other 

28  Phys.  Rev.,  23,  174. 

27  Z.  f.  Instrumentenk.,  25,  205,  and  Z.  Electrochem.,  1906,  578. 

28  Phys.  Rev.,  26,  124. 
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side  if  we  could  start  with  the  components  of  this  system- — Hg, 
Hg,0,  CdS04  H20,  SO,  and  H20 — but  the  instability  of  the 
mercurous  oxide  excludes  this  possibility.  A  knowledge  of  the 
equilibrium  conditions  of  this  system  suggests  one  further 
possibility:  We  may  start  with  a  sufficiently  acid  solution  of 
cadmium  sulphate  to  entirely  prevent  all  hydrolysis  of  the  mer¬ 
curous  sulphate,  and  then  the  system  rapidly  comes  to  equilibrium ; 
it  is  a  non-variant  system  when  the  temperature  is  fixed  and 
does  not  show  the  changes  of  the  cadmium  cell.  Some  30  of 
these  “acid”  cells  have  been  made  during  the  last  three  years,  but 
the  latest  results  show  that  the  acid  concentration  is  too  small, 
but  none  of  them  have  shown  a  tendency  to  decrease.  One  cell 
was  made  in  October,  1905,  with  .2  molar  sulphuric  acid,  and 
has  shown  a  constant  value  of  1. 01 792  volts  and  has  not  varied 
over  .00003  V.  at  any  time  during  the  three  years ;  at  present  its 
value  is  1. 01 793.  The  only  defect  so  far  noticed  in  these  cells 
is  a  tendency  of  the  amalgam  to  slowly  generate  hydrogen,  about 
as  much  as  the  zinc  amalgam  does  in  the  Clark  cell.  There  ap¬ 
pears  to  be  no  way  of  keeping  the  acid  concentration  automati¬ 
cally  fixed,  and  this  may  not  be  necessary,  as  the  cells  show  no 
definite  evidence  of  increasing  e.  m.  1,  which  would  result  from 
decreasing  acid  concentration.  In  these  acid  cells  a  decrease  of 
.004  moles  in  a  liter  of  the  acid  concentration  would  be  needed  to 
increase  the  e.  m.  f.  .00001  volt.  These  acid  cells  will  be  further 
investigated,  for  it  is  evident  that  the  action  of  the  amalgam  on 
the  acid  solution  is  a  very  slow  one,  and  the  device  of  using  an 
acid  solution  for  the  unsaturated  secondard  standards  has  given 
most  satisfactory^  results29. 

The  results  obtained  from  the  experiments  (10,  11,  12  and  13) 
with  the  cathode  system  of  the  Clark  cell  are  plotted  in  Fig.  3, 
curve  II,  and  it  was  seen  that  there  is  an  entirely  different  state 
of  affairs  in  this  cell.  The  mercury  concentration  in  the  Clark 
system  to  which  no  acid  was  added,  represented  a  solubility  only 
slightly  greater  than  that  indicated  by  the  exterpolated  curve  from 
the  results  with  the  Clark  systems  with  acid.  The  results  em¬ 
bodied  in  curves  I  and  II,  Fig.  3,  independently  confirm  the 
rotation  experiments  and  justify  the  conclusions  that  were  drawn 
from  those  experiments,  namely,  that  a  cadmium  sulphate  solu- 

29  Phys.  Rev.,  27,  33. 
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tion  hydrolyses  mercurous  sulphate,  while  a  zinc  sulphate  solution 
does  not.  Now,  hydrolysis  is  of  very  common  occurrence  and 
need  not  necessarily  affect  either  the  reproducibility  or  constancy 
of  a  cell,  but  in  the  case  of  the  cadmium  cell  the  hydrolysis  es¬ 
tablishes  a  state  of  unstable  equilibrium,  and  so,  sooner  or  later, 
depending  upon  circumstances,  changes  appear,  and  it  is  to  be 
concluded  that  we  are  dealing  with  a  non-reversible  electrode,  a 
point  that  has  now  been  pretty  thoroughly  tested. 

Reversibility  of  the  Cathode  Systems. — In  1905  an  attempt  was 
made  to  make  mercurous  sulphate  electrolytically  in  a  saturated 
cadmium  sulphate  solution  instead  of  in  sulphuric  acid.  It  was 
expected  that  this  method  would  obviate  many  of  the  troublesome 
operations  of  making  the  paste,  and  produce  a  product  which 
would  necessarily  be  in  equilibrium  with  a  cadmium  sulphate 
solution ;  but  the  cells  made  up  with  these  preparations  as  de¬ 
polarizers  had  a  high  value  and  did  not  remain  constant  but 
decreased,  as  may  be  seen  from  the  published  results30,  and  it  may 
be  added  that  they  have  since  decreased.  These  results  were 
most  puzzling  at  the  time ;  they  showed  that  with  rapid  stirring 
and  a  low  current  density  the  mercurous  sulphate  formed  at  a 
mercury  anode  in  a  saturated  cadmium  sulphate  solution,  was 
not  in  equilibrium  with  the  solution  and  the  reaction  was  not  a 
reversible  one,  while  all  the  experiments  with  the  Clark  cell  indi¬ 
cate  that  its  cathode  system  is  reversible.  An  attempt  has  been 
made  to  directly  compare  the  two  cells  from  this  standpoint  of 
reversibility.  Both  Clark  and  cadmium  cells  were  made  without 
depolarizers — that  is,  the  mercury  cathode  was  covered  with  zinc, 
coarsely  crushed  zinc  sulphate  crystals  and  the  saturated  solution, 
while  the  anode  was  of  the  usual  construction.  The  cadmium 
cells  were  made  in  the  same  way,  and  were  of  the  same  pattern 
and  dimensions.  These  cells  were  fastened  to  a  motor  driven 
shaker  so  regulated  that  the  mercury  of  the  cathode  and  the 
materials  above  it  were  in  constant  and  uniform  motion,  then 
these  cells  were  all  charged  with  the  same  current,  .020  amp.  to 
a  cm2  mercury  surface.  The  mercurous  sulphate  formed  soon 
saturated  the  solution  and  then  separated  as  a  solid  and  was  mixed 
with  the  crystals  of  zinc  or  cadmium  sulphate.  The  motion 
and  low  current  density  offered  favorable  conditions  for  forming 

30  Phys.  Rev.,  23,  175. 
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the  normal  sulphate;  after  about  .100  mg.  had  formed  in  each 
cell  the  charging  current  was  broken  and  the  cells  placed  in  the 
25 0  bath.  The  paste  formed  in  this  way  was  white  in  color  and 
about  4  mm.  deep.  Two  cadmium  cells  were  made  together  in 
this  way,  WNi  and  WA;  the  first  one  was  neutral,  while  WA  had 
been  made  up  with  .01  molar  sulphuric  acid.  Later  WN2,  a 
neutral  cadmium  cell,  was  made  in  the  same  way,  and  the  two 
Clark  cells,  Si  and  SH,  were  made  up  without  acid  and  then 
the  depolarizer  formed  in  the  cell  electrolytically. 

Cell.  Date.  Jan.  6.  Jan.  9.  Jan.  20.  Deb.  6.  Feb.  18.  Mar.  5.  Mar.  12. 

WNi,  Jan.  5....1.01992  1. 01974  1.01926  1.01861  1.01827  1.01755  1.01675 

WN2,  Mar.  12 .  1.01890 

WA,  Jan.  5.. ..1. 01903  1.01883  101873  1.01826  1.01828  1.01828  1.0 

Si  .  1.42082  1.42084  1.42086  1.42080 

S .  80  88  89  88 

Apr.  8.  May  3.  June  6.  June  30.  July  14.  Aug.  18. 

WNi  . . 1.01190  1.9705  1.9644  .9531  .9255  . 

WN2  . 1.01863  1.01848  1. 01770  401813  1. 01757  1.01611  . 

WA  . 1.01821  1.01829  1.01831  1.01851  1.01854  1.01859  . 

Si  . 1.42080  1.42077  1.42071  1.42080  1.42072  1.02068  . 

SH  .  87  86  79  79  71  70  . 

The  two  cadmium  cells  with  neutral  solutions,  WNi  and  WN2, 
were  very  high  at  first,  and  steadily  decreased  and  are  still  de¬ 
creasing.  There  was  no  suggestion  of  stopping  at  the  “normal” 
value  of  the  cadmium  cell,  which  is  1.01840  at  25  °,  and  this 
emphasizes  the  conclusions  to  be  drawn  from  the  rotation  ex¬ 
periments  that  this  value  1.01840  is  the  value  the  cells  have 
when  put  up  in  a  particular  way,  and  is  not  an  equilibrium  value. 
After  the  observations  of  June  6  the  pastes  in  these  cells  were 
stirred  by  shaking  the  cell,  and  WN2  particularly  at  once  in¬ 
creased,  but  only  to  subsequently  decrease.  The  behavior  of  WA, 
the  cell  made  with  .1  molar  sulphuric  acid,  is  quite  different;  it 
had  a  high  preliminary  value,  indicating  that  some  basic  salt  was 
formed.  The  e.  m.  f.  decreased,  but  came  to  a  constant  value 
at  about  1.01830,  and  this  is  about  the  equilibrium  value  for 
cells  with  this  amount  of  acid.  The  Clark  cells  Si  and  SH  have 
been  quite  constant,  and  the  differences  between  the  Clark  and 
cadmium  cells  is  as  marked  here  as  is  the  rotation  experiments. 
These  results  with  the  acid  cadmium  cell  and  Clark  cells  suggest 
that  it  may  be  possible  to  construct  these  cells  and  form  the 
depolarizer  electrolytically  in  the  cell  after  they  are  set  up,  and 
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this  would  entirely  avoid  the  troublesome  manipulations  and  un¬ 
certainties  incident  to  preparing  the  mercurous  sulphate  and  paste. 

The  Clark  Cell. — The  Clark  cell  has  been  subjected  to  the  most 
searching  tests  in  the  investigations  on  standard  cells,  and  it  is 
to  be  noted  that  the  rotated  cathode  system  showed  variations  of 
from  .00005  to  .00010  V.,  and  that  the  e.  m.  f.  of  the  rotated 
system  was  always  slightly  greater  than  that  of  the  adjustable 
cell  which  contained  the  same  materials.  The  analysis  of  the 
liquid  of  the  rotated  system  showed  .837  g.  mercurous  sulphate 
in  a  liter  of  the  solution,  while  the  curve  2,  Fig.  3,  gives  as 
the  solubility  of  normal  mercurous  sulphate  in  the  cathode  system 
of  the  Clark  cell  at  250,  .00166  miles,  or  .8234  g.  in  a  liter,  a 
measurably  lower  value.  Also,  the  cells  just  described,  Si  and 
SH,  where  the  mercurous  sulphate  was  made  electrolytically  in 
the  cell,  are  not  quite  normal,  as  the  e.  m.  f.  is  noticeably  higher 
than  the  normal  value  for  25  °,  which  is  for  the  Clark  cell  1.42040 
V.  These  deviations  are  all  in  the  same  direction,  and  suggest 
that  a  zinc  sulphate  solution  does  not  entirely  prevent  a  mercurous 
sulphate  from  hydrolysing,  but*  this  is  probably  so  slight  that 
equilibrium  conditions  are  established  before  there  is  a  separation 
of  the  basic  salt,  for  the  severe  tests  to  which  this  cell  has  been 
subjected  lead  to  the  conclusion  that  this  cathode  system  does 
come  to  equilibrium  and  is  essentially  reversible.  The  compo¬ 
nents  of  this  system  may  then  be  taken  as  mercury,  mercurous 
sulphate,  zinc  sulphate  and  water,  and  at  a  given  temperature  it  is 
non-varient.  But  we  cannot  take  the  corresponding  substances 
as  components  for  the  cadium  cell  cathode  system,  for  when  the 
hydrolysis  is  sufficient  to  produce  the  basic  salt  as  a  solid  phase 
and  the  acid  remains  in  solution  and  diffuses  to  the  anode,  then 
these  substances  are  no  longer  in  stoichiometrical  relations  in 
the  cathode  system,  and  so  the  products  of  hydrolysis  must  be 
taken  as  components  and  the  final  product  due  to  the  interaction 
with  water  in  the  mercurous  oxide  which  is  unstable,  and  the 
reaction  is  not  reversible.  So  there  seems  little  hope  of  obtaining 
equilibrium  with  this  system,  and  there  probably  would  not  be 
the  possibility  of  equilibrium  in  the  Clark  cell  if  the  basic  salt 
appeared  as  a  solid. 

The  first  Clark  cells  which  were  constructed  with  attention  to 
excluding  the  basic  salt  from  the  depolarizer  were  the  twelve 
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(H)  cells  made  on  March  15,  1904,  and  at  intervals  since  then 
cells  have  been  made  according  to  the  same  principles,  and  at  the 
present  time  these  cells  show  no  deviations  greater  than  one  part 
in  50,000,  and  this  is  the  best  of  evidence  that  these  Clark  cells 
furnish  a  constant  and  reproducible  basis  of  electromotive  force. 
Their  value  has  been  assumed  to  be  1.42040  volts  at  25 °,  and  they 
have  been  the  standard  of  reference  for  all  the  work  e.  m.  f. 
measurements.  The  temperature  coefficient  of  the  Clark  cell  is 
about  a  millivolt  per  degree,  and  this  was  a  real  objection  to  the 
cell  before  the  introduction  of  thermostats,  and  was  the  chief 
reason  for  the  popularity  of  the  cadmium  cells  with  its  much 
lower  temperature  coefficient,  but  for  the  exact  measurements  of 
the  present  day  a  thermostat  is  necessary  for  any  but  the  Weston 
secondard  cell.  The  thermostate  used  for  this  work  is  reliable 
at  .01  °,  and  such  variations  indicate  an  uncertainty  of  less  than 
one  part  in  100,000  of  the  e.  m.  f.  of  the  Clark  cell.  The  tendency 
of  the  glass  to  crack  where  the  amalgam  contact  wire  is  sealed  in 
has  appeared  in  the  older  cells  and  made  it  necessary  to  reject 
many  of  them.  This  and  other  points  in  the  construction  of  Clark 
cells  may  best  be  considered  in  a  separate  article, 
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DISCUSSION. 

Proe.  W.  D.  Bancroft:  Mr.  Hulett’s  work  is  so  good  that 
one  regrets  the  presence  of  a  few  minor  verbal  infelicities.  It 
is  implied  that  the  electromotive  force  of  the  Clark  cell  depends  on 
the  temperature  only,  whereas  it  is  really  a  function  of  the 
pressure  and  the  temperature.  Mr.  Hulett’s  statement  is 
strictly  accurate  only  in  case  his  cell  has  a  vapor  phase  containing 
water  vapor  only  and  neither  nitrogen  nor  oxygen.  Since  that 
is  practically  never  the  case,  it  would  be  quicker  and  better  to 
mention  the  pressure,  more  especially  since  Nernst  once  came  to 
grief  over  this  very  point. 

While  it  is  true  that  a  depolarizer  must  not  be  too  sparingly 

\ 

soluble,  I  think  that  the  chief  objection  to  the  calomel  electrode 
is  that  it  is  not  a  reversible  one.  Mr.  Hulett  implies  that  it  is 
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merely  a  result  of  experience,  an  empirical  fact,  that  a  depolarizer 
must  not  be  too  soluble,  and  he  cites  copper  sulphate.  The  real 
difficulty  is  quite  a  different  one.  The  more  soluble  the  de¬ 
polarizer,  the  better  it  is  as  a  depolarizer ;  but  very  soluble  salt 
cannot  be  used  at  the  cathode  because  it  reacts  too  rapidly  with 
the  anode. 

These  are  mere  trifles ;  but  there  is  one  point  where  I  think 
that  Mr.  Hulett  has  gone  astray  in  his  explanation.  Mr.  Hulett 
says  that  mercurous  sulphate  hydrolyzes  in  a  cadmium  sulphate 
solution,  and  that  a  basic  salt  appears  as  a  solid  phase ;  but  that 
the  hydrolysis  does  not  stop  there.  Now,  this  is  quite  impossible. 
If  there  are  two  solid  phases,  mercurous  sulphate  and  a  basic 
salt,  and  if  we  are  dealing  with  a  reversible  equilibrium,  the 
concentration  of  the  sulphuric  acid  cannot  exceed  the  value  for 
a  solution  in  equilibrium  with  these  two  solid  phases  until  the 
whole  of  mercurous  sulphate  has  disappeared.  The  presence  of 
the  cadmium  sulphate  does  not  affect  the  matter  because  the 
solution  is  saturated  with  it,  and  therefore  we  have  one  more 
component  and  one  more  phase.  I  do  not  question  Mr.  Hulett’s 
observations  in  the  slightest.  It  is  merely  his  explanation  of  the 
facts  which  I  cannot  accept.  It  may  be  that  he  has  only  one 
solid  phase  of  variable  composition,  or  it  may  be  that  he  is  not 
dealing  with  a  system  in  reversible  equilibrium,  though  this  latter 
seems  improbable.  One  thing  is  absolutely  certain,  however, 
that  Mr.  Hulett  cannot  have  two  solid  phases  and  a  reversible 
equilibrium  together  with  a  varying  concentration  of  sulphuric 
acid. 

G.  A.  Hudett  (communicated) :  Standard  cells  always  have 
the  vapor  phase  above  both  the  anode  and  cathode  systems,  and 
the  pressure  of  the  atmospheric  gases  in  the  vapor  phase  has  an 
effect  on  the  e.  m.  f.  of  the  cells  of  the  order  of  icr5  volts  per 
atmosphere,  and  the  slight  variations  of  the  atmospheric  pressure 
are  entirely  negligible ;  but  to  be  strictly  correct  one  should 
mention  the  pressure  as  Dr.  Bancroft  suggests.  The  effect  of 
gravity  and  surface  tension  may  also  be  considered  when  the 
reproducibility  and  constancy  of  standard  cells  have  been  suffi¬ 
ciently  increased. 

In  regard  to  the  limits  desirable  for  the  solubility  of  the  de¬ 
polarizers  in  standard  cells,  merely  a  statement  of  experience 
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was  made  without  an  attempt  to  consider  the  reasons  for  such  limi¬ 
tations.  Dr.  Bancroft  thinks  the  calomel  electrode  which  was 
cited,  is  not  a  reversible  electrode,  and,  if  this  is  the  case,  it  would 
not  be  constant.  But  it  is  common  experience  that  solutions  with 
small  concentrations  of  mercury  show  variable  potentials  with 
a  mercury  electrode,  and  this  is  possibly  due  to  the  action  of 
dissolved  oxygen  on  the  mercury.  The  reaction  brings  mercury 
into  solutions,  and  with  small  concentrations  of  mercury  in  the 
electrolyte  a  measurable  concentration  change  is  produced,  but 
with  depolarizers  having  a  solubility  of  about  a  gram  in  a  liter 
this  effect  is  negligible.  With  very  soluble  depolarizers,  the 
diffusion  to  the  anode  and  subsequent  reactions  produce  dis¬ 
turbances  as  suggested  by  Dr.  .  Bancroft.  Also  there  results  a 
considerable  potential  at  the  junction  of  the  two1  electrolytes  with 
a  very  soluble  depolarizer,  and  as  this  region  is  subjected  to 
considerable  temperature  changes  in  cells  there  may  be  a  cause 
of  variation  at  this  point. 

In  considering  the  hydrolysis  of  mercurous  sulphate  by  a 
cadmium  sulphate  solution  (p.  19),  the  statement  was  made  that 
the  reaction  produced  a  basic  salt  and  sulphuric  acid,  and  when 
the  reaction  had  produced  enough  of  these  substances  to  saturate 
the  solution  with  the  basic  salt  that  it  appeared  as  a  solid  phase, 
but  that  the  hydrolysis  did  not  stop  at  that  point,  but  proceeded 
until  the  equilibrium  concentration  of  the  acid  was  generated 
The  conclusion  was  drawn  that  the  basic  salt  alone  was  incapable 
of  preventing  the  hydrolysis,  and  this  was  an  important  part  of 
the  explanation  of  the  observed  behavior  of  cadmium  standard 
cells.  These  statements  seem  to  Dr.  Bancroft  to  be  in  conflict 
with  well  established  principles.  He  contends  that  it  is  quite 
impossible  for  the  hydrolysis  to  continue  after  the  basic  salt  ap¬ 
pears  as  a  solid  phase,  if  we  are  dealing  with  a  reversible  equi¬ 
librium.  This  objection  does  not  hold  good,  because  the  system 
is  not  in  equilibrium  when  the  basic  salt  first  appears.  The  facts 
are  that  at  .08  moles  of  sulphuric  acid  in  a  liter — the  concentration 
at  which  the  break  in  the  solubility  curve  of  mercurdus  sulphate 
appeared — there  are  only  .000207  moles  of  mercurous  mercury 
in  the  solution,  and,  if  we  started  with  mercurous  sulphate  and 
a  cadmium  sulphate  solution,  it  follows  that  the  basic  salt  must 
have  separated  as  a  solid  long  before  this  acid  concentration  was 
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generated,  because  acid  and  basic  salt  are  formed  in  molecular- 
proportions  by  the  hydrolysis.  When  the  hydrolysis  had  gen¬ 
erated  enough  basic  salt  to  saturate  the  solution,  the  salt  ap¬ 
peared  as  a  solid  phase,  and  merely  limited  a  further  increase  in 
the  mercury  concentration  of  the  solution,  but  the  system  was- 
not  in  equilibrium,  and  the  hydrolysis  continued  until  the  equi¬ 
librium  acid  concentration  was  formed,  and  not  until  this  point 
is  reached  can  the  principles,  indicated  by  Dr.  Bancroft,  be  applied.- 


Ref erring  to  the  accompanying  diagram,  the  point  (a)  at 
25  °  represents  the  conditions  at  which  normal  mercurous  sul¬ 
phate,  cadmium  sulphate,  mercury,  solution  and  vapor  can  exist 
in  equilibrium.  For  greater  concentrations  of  acid,  the  basic 
salt  must  disappear,  and  the  curve  (ac)  is  an  equilibrium  curve 
showing  the  solubility  of  mercurous  sulphate  in  the  system  with 
variable  amounts  of  acid.  With  less  amounts  of  acid  than  .08 
moles  of  sulphuric  to  a  liter  the  normal  salt  must  disappear,  and 
the  equilibrium  curve  would  be  the  solubility  of  the  basic  salt 
in  the  system  with  varying  amounts  of  acid.  This  curve  would 
probably  take  a  downward  turn  from  (a),  since  the  basic  salt 
has  only  a  slight  solubility.  It  is  clear,  therefore,  that  if  .08 
moles  of  acid  to  a  liter  is  the  equilibrium  acid  concentration  for 
this  system,  that  any  system  which  contains  less  than  this  concen¬ 
tration  of  acid  and  the  normal  salt  must  be  in  unstable  equilibrium. 
Now,  normal  salt  was  always  present  in  excess  in  all  the  systems 
we  investigated,  and  this  supports  the  contentions  previously 
made  (Phys.  Rev.),  as  well  as  the  results  now  obtained,  namely, 
that  this  cathode  system  of  the  cadmium  cell  is  in  unstable  equi¬ 
librium  unless  at  least  .08  moles  of  sulphuric  acid  are  present  in 
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a  liter  of  the  solution,  and  it  may  here  be  further  emphasized 
that  the  part  of  the  curve  represented  by  (ab)  in  the  appended 
diagram  is  not  an  equilibrium  curve,  but  represents  the  results 
obtained  with  systems  which  contain  an  excess  of  the  normal 
salt  and  rotated  until  no  further  change  is  observed.  The  reason 
that  equilibrium  is  not  immediately  established,  or  established  in 
any  “experimental”  time,  is  considered  as  due  to  the  slowness 
of  the  reaction  as  pointed  out  in  the  article. 
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A  paper  read  by  Dr.  H.  E.  Patten  at 
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President  E.  G.  Aches  on  in  the  Chair. 


THE  BEHAVIOR  OF  THE  NICKEL  ANODE  AND  ITS  BEARING 

ON  PASSIVITY. 

By  E.  P.  Schoch. 

The  subject  of  passivity  has  been,  and  is  still,  attracting  a 
great  deal  of  attention,  particularly  among  electrochemists.  The 
first  work  on  this  subject  was  done  by  Schoenbein  and  Faraday, 
while  the  most  recent  contributions,  such  as  that  of  Sackur  (i)*, 
and  of  Fredenhagen  (2),  have  appeared  but  a  few  weeks  ago,  and 
the  indications  are  that  many  investigations  on  the  subject  are  in 
progress.  Considered  particularly  with  reference  to  nickel  and 
iron,  the  phenomenon  may  be  characterized  in  its  outward  ap¬ 
pearance  by  the  following:  Under  the  influence  of  certain  rea¬ 
gents,  or  while  the  metal  is  acting  as  the  anode  in  certain  solu¬ 
tions  it  is  changed  so  that  its  potential  is  far  below  that  which 
should  ordinarily  characterize  it.  The  lowering  of  the  potential 
may  take  place  to  a  widely  varying  extent.  At  the  same  time 
the  metal  is  attacked  less  than  we  should  expect  it  to  be  attacked, 
in  fact  the  attack  may  become  so  slight  as  to  be  negligible. 
The  surface  may  or  may  not  be  covered  with  a  layer  of  oxide, 
in  some  cases  the  surface  remains  particularly  bright.  In  con¬ 
tradistinction  to  this  passive  state  of  the  metal,  we  recognize  an 
active  state,  in  which  the  metal  has  a  higher  potential  or  is  more 
electro  positive  and  is  readily  corroded  or  acted  upon  by  chemical 
reagents. 

The  cause  of  the  passive  state  has  been  the  object  of  many  in¬ 
quiries.  Inasmuch  as  the  subject  has  been  reviewed  extensively 
quite  recently  in  the  article  of  Fredenhagen  referred  to,  a  de¬ 
tailed  review  may  here  be  considered  to  be  unnecessary.  A  state¬ 
ment  of  the  different  theories  of  passivity  together  with  the  lines 
of  attack  is  probably  sufficient. 

*  The  numbers  in  parentheses  after  the  proper  names  refer  to  the  list  of  refer¬ 
ences  given  at  the  end  of  the  paper. 
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Fredenhagen  has  classified  the  theories  of  passivity  as  follows: 
No.  i,  the  oxide  theory  of  Faraday,  according  to  which  the 
metal  is  protected  by  a  layer  of  its  own  oxide.  No.  2,  the  valence 
theory  of  Krueger-Finkelstein  and  W.  J.  Mueller;  these  authors 
consider  the  cause  of  the  passivity  to  be  within  the  metal  itself. 
No.  3,  the  reaction-velocity  theories:  (a)  the  general  formulation 
according  to  Le  Blanc;  (b)  the  special  formulation  of  Freden¬ 
hagen,  and  Muthmann  and  Frauenberger :  these  authors  consider 
that  the  main  cause  lies  in  the  slight  velocity  with  which  oxygen 
reacts  with  the  metal  passivized.  Hence  the  oxygen  accumulates 
and  causes  a  lower  potential  in  a  manner  similar  to  anodic  polari¬ 
zation,  as  with  platinum. 

To  this  classification  should  be  added  under  heading  3  above, 
the  theory  of  Sackur,  who  considers  that  the  particular  process, 
the  velocity  of  which  is  so  slight  as  to  impede  the  whole,  is  the 
union  of  oxygen  and  hydrogen  within  the  body  of  the  metal. 

The  lines  of  attack  upon  this  problem  have  been  many,  and  for 
an  understanding  of  the  problem  as  it  presents  itself  to-day 
should  be  presented  in  the  main,  and  the  results  obtained  briefly 
described.  Leaving  out  of  consideration  the  first  work  on  pass¬ 
ivity,  which  is  mainly  of  a  quantity  nature,  the  lines  of  attack  have 
been  the  following:  No.  1,  the  relation  of  the  current  density  to 
the  anodic  polarization  with  different  electrolytes.  No.  2,  the 
measurement  of  the  capacity  of  the  metal  under  various  condi¬ 
tions.  No.  3,  Observations  of  the  optical  properties  when  no  ox¬ 
ide  layer  is  visible  to  the  naked  eye.  No.  4,  the  effect  of  alternat¬ 
ing  current  electrolysis.  No.-  5,  the  catalytic  influence  of  the 
metal  upon  the  union  of  hydrogen  and  oxygen  gases  at  ordinary 
temperatures.  No.  6,  the  conditions  under  which  a  metal  oxide 
is  formed  at  the  anode.  No.  7,  the  effect  of  mixed  electrolytes  as 
used  for  the  production  of  Luckow’s  phenomenon  and  the  quanti¬ 
tative  determination  of  the  attack  upon  the  anode  by  various 
electrolytes. 

The  first  line  of  attack  has  been  pursued  by  many  investigators, 
notably,  Finkelstein  (3),  Fredenhagen  (4),  Mueller  (5),  Sackur 
and  Alvares  (6),  and  many  others  who  through  the  results  of 
their  observations  added  zinc,  copper  and  magnesium  and  many 
other  metals  to  the  list  of  passivizable  metals.  These  results 
show  in  the  main  that  metals  are  most  readily  passivized  in 
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alkali  solutions,  but  many  others,  notably  nickel  and  iron,  are  also 
passivizable  in  acid  solutions.  In  connection  with  the  latter,  it  is 
observed  that  passivizing  appears  to  take  place  when  a  certain 
critical  current  density  is  reached.  This  critical  current  density 
is  greater  as  the  concentration  of  the  acid  is  greater,  and  as  the 
temperature  is  higher.  With  sufficiently  concentrated  acids,  or 
sufficiently  high  temperatures,  passivizing  may  not  take  place  at 
all.  The  presence  of  halideions  in  solutions  tends  to  prevent 
passivity  so  that  with  sufficient  concentration  of  these  passivity 
is  never  attained.  In  my  experimental  work,  to  be  presented 
below,  I  have  followed  this  same  line  of  attack,  but  for  reasons 
given  I  have  considered  it  necessary  to  use  essentially  different 
electrolytes  from  those  heretofore  usd,  hence  a  further  discussion 
on  this  point  may  be  deferred. 

The  second  line  of  attack  was  first  tried  by  Finkelstein  on  iron, 
and  subsequently  again  by  Gordon  and  Clark  (7).  With  a  differ¬ 
ent  idea  in  view,  namely,  to  study  the  anodic  behavior  of  alum¬ 
inium,  Schulze  (8)  investigated  the  behavior  of  aluminum  and 
other  metals  by  practically  the  same  methods.  The  procedure 
in  the  main  is  that  of  balancing  the  capacity  of  the  anode  with 
that  of  a  condenser  of  known  capacity,  using  at  the  same  time  a 
shunt  of  variable,  known  resistance  parallel  to  the  condenser. 
By  this  means  the  condenser  effect  of  the  insulating  film  around 
the  anode,  as  well  as  the  “leak”  current  through  the  film,  may 
both  be  properly  balanced  and  measured.  It  appears  to  me  that 
the  conclusions  reached  by  Finkelstein  and  Gordon  and  Clark  are 
based  on  experimental  facts  which  may  involve  unknown  factors. 
Hence  they  should  not  be  relied  upon  until  they  have  been  more 
extensively  investigated.  The  measurements  of  Schulze,  how¬ 
ever,  are  conclusive.  He  found  that  the  “valve”  effect  of  the 
aluminum  anode  is  due  in  the  main  to  a  layer  of  oxygen  gas,  and 
the  layer  of  oxide  which  is  also  present  serves  merely  as  a  sup¬ 
porting  skeleton.  Without  this  supporting  skeleton  the  layer  of 
oxygen  could  attain  only  a  lesser  thickness,  and  hence  be  much 
less  effective.  When  we  consider  that  the  condenser  effect  of 
the  aluminum  anode  in  its  outer  manifestations  is  the  same  in 
kind,  though  different  in  degree,  as  the  polarization  effect  which 
characterizes  passivity,  and  when  furthermore  we  consider  that 
“valve”  effects  and  passivity  are  produced  under  conditions  which 
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do  not  differ  essentially,  then  we  must  realize  that  Schulze’s 
results  indicate  that  passivity  may  be  caused  by  a  thin  layer  of 
oxygen,  such  as  would  probably  exist  if  the  supporting  oxide  were 
entirely  absent. 

The  third  line  of  .attack,  the  attempt  to  decide  by  optical  meas¬ 
urements  whether  an  oxide  film  is  present  or  absent  when  none 
is  noticeable  by  the  naked  eye,  has  not  been  able  to  decide  the 
question.  Perhaps  it  is  admissible  to  say  that  the  presence  of  the 
oxide  film  in  many  cases  yet  remains  to  be  proven. 

The  fourth  line  of  attack,  the  effect  of  alternating  current 
electrolysis,  is  one  of  the  most  recent  lines  of  procedure  that  have 
been  directed  to  this  problem.  Ruer  (9)  has  studied  the  solu¬ 
bility  of  platinum  under  the  influence  of  the  alternating  current 
and  has  reached  the  conclusion  that  the  ability  of  platinum  to 
resist  attack  is  due  to  passivity.  He  finds  that  when  he  subjects 
a  platinum  pole  to  an  alternating  current  and  makes  it  simul¬ 
taneously  the  anode  of  a  direct  current  with  small  current  density, 
the  platinum  dissolves  extensively.  The  same  results  were  obtained 
when  instead  of  the  direct  current  an  oxidizing  agent  is  placed 
in  the  electrolyte.  He  is  of  the  opinion  that  the  platinum  dissolves 
through  the  following  procedure :  Under  the  combined  effect  of 
the  direct  current  and  the  oxidizing  agent  or  that  stroke  of  the 
alternating  current  which  makes  the  platinum  the  anode,  a  layer 
of  a  peroxide  is  formed.  This  peroxide  is  partly  reduced  by 
the  reverse  stroke  of  the  alternating  current  and  is  then  in  the 
nature  of  a  basic  oxide  which  readily  dissolves  with  the  acid  of 
the  adjacent  layer  of  the  electrolyte.  He  has  actually  succeeded 
in  isolating  an  oxide  of  platinum  which  has  all  the  requisite 
properties. 

However,  he  has  not  produced  a  proof  that  the  layer  is  actually 
formed  under  the  conditions  under  which  passivity  is  observed. 
I  shall  attempt  to  show  below  that  the  whole  phenomenon  may 
be  seen  to  have  a  better  connection  when  viewed  from  a  different 
point. 

The  fifth  distinct  line  of  attack  was  made  through  a  unique 
observation  of  Sackur’s :  he  found  that  a  platinum  anode  polarized 
with  oxygen  would  oxidize  but  slowly  any  hydrogen  that  floats 
up  to  it  by  diffusion.  On  further  investigation  of  the  subject 
he  found  that  the  metal  charged  with  hydrogen  would  accelerate 
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the  reaction  between  hydrogen  and  oxygen  far  more  than  when 
the  metal  is  charged  with  oxygen.  Furthermore,  he  showed  that 
the  catalytic  influence  upon  the  union  of  hydrogen  and  oxygen 
at  ordinary  temperatures  varies  greatly  with  different  methods. 
He  found  there  catalytic  influence  to  be  in  the  following  order: 
Silver,  platinum,  copper,  tin,  iron,  nickel,  chromium.  This  order 
is  in  a  measure  the  same  as  the  order  of  their  tendencies  to 
passivity.  The  assumption  that  the  first  step  in  the  anodic  action 
of  a  metal  with  an  electrolyte  is  the  displacement  of  hydrogen 

t 

ions  by  the  metal  according  to  the  equation 

M  +,  2H+  =  M+++  H2 

leads  him  to  the  conclusion  that  the  retardation  of  the  oxida¬ 
tion  of  the  liberated  hydrogen  would  retard  the  whole  and 
hence  produce  the  phenomenon  of  passivity.  Though  this  idea 
has  not  gained  much  ground — in  fact,  has  not  been  followed  out 
by  the  author  recently — yet  his  results  demonstrate  that  oxygen 
gas  may  cover  a  metal  and  prevent  direct  contact  with  the  electro¬ 
lyte.  This  seems  to  me  to  be  a  very  important  result. 

The  sixth  line  of  attack,  the  conditions  under  which  an  oxide 
is  formed  at  the  anode,  appears  to  me  to  have  produced  many 
more  results  of  merit  than  appear  to  be  credited  to  it.  Mueller 
and  Spitzer  (10)  investigated  this  subject  very  thoroughly,  with 
a  view  to  determine  the  conditions  under  which  an  oxide  may 
be  formed  at  the  anode.  This  work  taken  in  connection  with  the 
results  of  many  others  and  our  general  knowledge  of  the  subject, 
makes  it  very  plausible  that  oxides  which  appear  on  the  anode 
are  most  probably  formed  in  the  electrolyte,  and  they  are  precip¬ 
itated  back  upon  the  electrode  rather  than  formed  direct  by  the 
union  of  oxygen  with  the  metal. 

The  seventh  line  of  attack,  the  action  of  mixed  electrolytes, 
is  mainly  the  work  of  Le  Blanc  and  Levi  ( 1 1 ) .  These  authors 
reached  the  conclusion  that  there  can  be  no  oxide  layer  present 
when  passivity  is  caused  in  certain  electrolytes,  notably  acid  elec¬ 
trolytes,  and  unless  a  distinction  is  to  be  drawn  between  passivity 
in  alkali  solutions  and  passivity  in  acid  solutions,  the  conclusion 
is  reached  that  an  oxide  layer  is  not  the  cause  of  the  passivity. 
Haber  and  Goldschmidt  (12)  used  an  experimental  procedure 
similar  to  that  of  Le  Blanc  and  Levi  and  worked  essentially 
with  alkaline  solutions.  They  reached  the  conclusion  that  the 
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passivity  of  iron,  which  is  the  only  metal  they  worked  with,  is 
due  to  an  oxide  film  which  instead  of  forming  a  continuous  cover 
has  holes  in  it  here  and  there. 

I  was  led  to  the  study  of  passivity  of  nickel  through  a  study  of 
the  reversible  potential  of  nickel,  which  work  I  completed  this 
summer  and  submitted  for  publication.  In  this  work  I  ascertained 
that  the  reversible  potential  of  nickel  is  0.48  volts  with  reference 
to  the  normal  calomel  electrode  as  a  zero,  the  nickel  being  nega¬ 
tive  to  the  calomel  electrode.*  I  found  that  nickel,  which  occludes 
hydrogen  very  readily  may  show  as  a  result  any  potential  from 
0.48  to  0.88  and  more  in  N/i  NiS04.  Furthermore,  I  found  nickel 
has  an  exceedingly  small  ionization  velocity.  Nickel  may  also 
occlude  oxygen  and  then  may  show  any  potential  below  0.48  volts. 
Thus  exposure  to  the  air  lowers  the  potential  to  about  0.25  volts, 
and  various  oxidizing  agents  will  give  up  oxygen  to  it,  lowering 
its  potential  down  to  an  extent  depending  upon  the  strength  of 
the  oxidizing  agent.  The  same  facts  hold  in  regard  to  iron, 
the  potential  of  which  towards  N/i  FeS04,  having  been  found  by 
T.  W.  Richards  (13)  to  be  0.71  volts.  In  the  same  paper 
Richards  showed  that  all  the  higher  potentials  of  iron  are  due 
to  hydrogen.  That  air  imparts  a  lower  potential  to  iron  is  well 
known,  and  the  direct  proof  that  oxygen  is  taken  up  by  iron  from 
potassium  dichromate  has  been  produced  by  Cushman  (14). 
These  facts  define  more  definitely  the  active  and  the  passive 
states :  The  active  states  of  nickel  and  iron  are  primarily  due 
to  their  solution  tension  by  virtue  of  which  they  produce  in  the 
solutions  of  their  neutral  sulphates  the  potentials  mentioned  above, 
0.48  and  0.71  respectively.  Whereas  the  active  state  formerly 
recognized,  which  was  produced  either  by  dipping  these  metals 
in  hydrochloric  or  sulphuric  acids  and  allowing  them  to  evolve 
hydrogen,  or  by  making  these  metals  cathodes  in  solutions  in 
which  they  evolve  hydrogen  consist  of  the  metals  with  a  lot  of 
occluded  hydrogen.  This  state,  due  to  the  occluded  hydrogen, 
plays  no  part  in  the  phenomenon  of  passivity  and  may  be  neg¬ 
lected  in  this  consideration. 

Both  nickel  and  iron  exhibit  an  exceedingly  small  velocity  of 
ionization  which  is  shown  first  of  all  by  the  “current-density”- 

*  All  potentials  given  in  this  paper  are  to  be  considered  as  measured  in  the  same 
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“anodic-potential”  curves  of  these  metals  as  compared  with  the 
curves  obtainable  with  such  metals  as  copper,  silver,  zinc,  etc. 
The  curves  for  the  latter  metals  are  practically  parallel  to  the 
“anodes-potential”  axis  for  moderate  current  densities  when  these 
metals  dip  in  normal  solutions  of  their  simple  salts,  sulphates 
and  chlorides.*  Whereas  the  nickel  and  iron  curves  bend  away 
from  the  potential  axis  enormously  from  the  start,  yet  it  is  safe 
to  assume  that  if  the  anodic  action  in  the  case  of  silver,  copper 
and  zinc  consists  in  the  direct  formation  of  ions  from  the  metal, 
then  the  same  is  true  for  nickel  and  iron  as  long  as  we  consider 
small  current  density  only.  Thus  with  the  current  density  of 
20  milli-amperes  per  100  sq.  cm.,  nickel  dissolves  quantitatively 
in  N/i  NiS04,  according  to  Farraday’s  law — a  fact  which  I  have 
ascertained  repeatedly  by  trial — and  the  pole  exhibits  during  this 
operation  a  potential  of  0.1  to  0.15  volts.  At  higher  tempera¬ 
tures,  the  velocity  of  ionization  of  nickel  is  much  greater,  as  may 
be  seen  from  the  accompanying  curves  for  25  and  95 
degrees  C.  respectively.  At  95  degrees,  with  a  current  density 
of  50  milli-amperes  the  nickel  dissolves  in  accordance  with  Far¬ 
aday’s  law  and  never  show  a  potential  less  than  0.42  volts,  while 
its  equilibrium  potential  in  the  same  solution  at  the  same  tem¬ 
perature  is  at  most  only  0.02  volts  higher  than  this.  Thus  we 
see  that  at  higher  temperatures  the  curve  for  nickel  is  much 
flatter,  and  is  quite  similar  to  the  curves  for  copper,  silver,  etc. 
If  it  is  considered  to  be  sound  to  believe  that  the  action  with 
these  metals  consist  of  the  direct  formation  of  ions  from  the 
metals,  then  the  same  must  be  true  for  nickel.  I  may  mention 
here  that  I  have  done  the  corresponding  experiments  with  iron, 
but  have  recently  found  a  possible  source  of  error  in  my  measure¬ 
ments,  so  that  I  do  not  care  to  mention  the  quantitative  results 
here,  but  I  feel  safe  in  saying  that  the  phenomenon  with  iron  is 
the  same  as  that  with  nickel.  Finally  the  great  difference  in 
the  ionization  velocity  of  nickel  and  iron  as  contrasted  with  zinc, 
silver,  etc.,  is  strikingly  shown  by  the  behavior  of  their  amalgams : 
those  of  zinc  and  silver  will  bear  a  considerable  current  density 
without  undue  lowering  of  the  anode  potential,  while  iron  will 
bear  very  little  current  density,  and  nickel  practically  none.  Yet 
iron  amalgam  will  readily  give  the  potential  0.7 1  volts,  while  the 


*  Strictly  speaking,  they  are  logarithmic  curves. 
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most  concentrated  nickel  amalgam  will  not  form  ions  rapidly 
enough  even  to  measure  with  the  capillary  electrometer  by  the 
well  known  compensation  method. 

With  these  facts  before  us,  let  us  now  consider  all  the  possible 
actions  that  may  take  place  at  an  anode.  There  may  be  summed 
up  as  follows:  No.  i,  the  direct  change  from  metal  to  ions.  No. 
2,  the  displacement  of  hydrogen  ions  by  the  metal.  No.  3,  the 
discharge  of  oxygen  or  halides,  etc.,  upon  the  electrode.  No.  4, 
the  union  of  hydrogen  and  oxygen,  or  hydrogen  and  halogen 
within  the  electrode.  No.  5,  the  union  of  oxygen  or  halogen 
within  the  metal.  No.  6,  the  neutralization  and  solution  of  an 
oxide  formed  according  to  No.  5,  by  means  of  a  free  acid  adja¬ 
cent  to  the  electrode.  In  the  following  we  will  leave  halides  out 
of  the  consideration  for  the  present  and  confine  our  attention  to 
what  would  happen  in  say  sulphate  solution. 

One  or  several  of  these  changes  may  predominate  under  one 
condition,  and  under  another  may  sink  into  the  background : 
hence,  it  is  advisable  to  ascertain,  if  possible,  which  of  these 
changes  takes  place  under  different  conditions.  The  mode  of 
investigation  employed  by  Fredenhagen  and  Sackur,  namely,  elec¬ 
trolyzing  with  rather  strong  acids  and  observing  the  potential 
with  different  current  densities  appears  to  me  to  be  not  well 
chosen,  because  the  conditions  are  not  securely  responsible.  The 
system  is  not  in  equilibrium,  but  very  far  from  it,  and  the  gradual 
change  from  the  point  of  equilibrium  has  not  been  carefully 
shown.  I  thought  it  best  to  begin  the  study  at  the  point  of  the 
equilibrium  potential  of  nickel.  Since  nickel  reacts  with  acids 
evolving  hydrogen,  it  can  be  in  equilibrium  with  absolutely 
neutral  solutions  only.  Thus  neutral  nickel  sulphate  was  the  first 
electrolyte  tried. 

My  work  on  the  nickel  potential  had  shown  me  the  necessity 
of  removing  all  gases  such  as  hydrogen  and  oxygen  out  of  the 
electrolyte,  and  out  of  the  metal  before  attempting  to  obtain  the 
potential.  I  found  hydrogen  very  difficult  to  remove,  in  fact, 
I  could  remove  it  only  by  allowing  the  pole  to  stand  immersed 
in  the  neutral  electrolyte  for  one  or  more  weeks.  Oxygen,  how¬ 
ever,  could  be  removed  fairly  readily  by  heating  the  electrolyte 
with  the  pole  in  it  to  boiling  in  a  vessel  so  fitted  with  a  stopper 
and  a  glass  tube,  that  after  boiling  out  all  the  oxygen  or  air. 
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then  on  cooling  the  solution  could  finally  be  drawn  into  the  flask 
to  fill  it  when  the  steam  condensed.  The  nickel  poles  had  to 
be  carefully  sandpapered  because  in  the  event  that  any  nickel 
oxide  had  formed  on  its  surface  it»  became  practically  impossible 
to  remove  the  last  traces  of  oxygen  even  by  protected  boiling-- 

N 

The  current  densities  that  nickel  can  support  in  — NiSO*, 

without  dropping  its  potential  into  the  region  of  passivity  are  so 
small  that  convection  currents  carrying  hydrogen  from  the 
cathode  to  the  anode  may  completely ,  vitiate  the  results:  that  is, 
the  currents  obtained  are  of  the  dimensions  of  the  well  known 
“rest  current,”  and  hence  the  possibility  of  producing  hydrogen 
in  the  electrolyte  had  to  be  guarded  against.  For  these  reasons 
the  experimental  arrangement  adopted  was  the  following:  A 
large  test-tube,  2  inches  diameter  and  8  inches  in  length,  was 
fitted  with  a  rubber  stopper,  through  the  center  of  which  was 
passed  a  narrow  porous  tube  extending  into  the  test  tube.  This 
porous  tube  was  closed  at  its  lower  end  with  a  rubber  stopper ; 
and  tightly  fitted  through  the  center  of  this  stopper  was  passed  a 
glass  tube  extending  through  the  entire  length  of  the  porous  tube. 
A  glass  rod  of  the  size  which  fitted  closely  inside  the  glass  tube 
just  mentioned  extended  down  through  this  glass  tube,  and  it 
was  bent  up  around  the  lower  end  of  the  porous  tube  so  as  to 
extend  up  inside  of  the  test-tube  almost  to  the  rubber  stopper 
A  piece  of  sheet  nickel  was  cut  to  fit  closely  inside  the  test  tube 
with  a  lip  extending  through  the  rubber  stopper.  A  piece  of 
lead  pipe,  the  surface  of  which  had  been  thoroughly  converted 
to  lead  peroxide  was  inserted  around  the  central  glass  tube  and 
inside  the  porous  tube.  This  served  for  the  cathode,  and  by 
this  means  the  evolution  of  hydrogen  was  absolutely  avoided, 
the  porous  tube  in  turn  serving  to  prevent  the  contamination  of 
the  liquid  outside  the  porous  tube  with  lead.  The  sheet  nickel 
anode  had  a  surface  of  270  sq.  cm.  Into  the  stopper  was 
also  fitted  a  syphon  tube  connecting  with  a  flask  clamped  beside 
the  test-tube.  A  tube  drawn  to  a  fine  capillary,  the  end  of  which 
was  placed  against  the  nickel  electrode  served  to  make  connection 
with  a  normal  calomel  electrode,  the  connecting  tube  being  suit¬ 
ably  bent  so  as  to  prevent  the  mixing  of  liquids  by  convection. 
A  thermometer  also  was  inserted.  It  will  be  noticed  that  the 
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space  in  which  the  nickel  electrode  is  placed  is  absolutely  closed 
to  the  outside  except  through  the  space  between  the  stirring  rod 
and  the  glass  tube  in  which  it  turns.  To  lessen  this  opening, 
a  rubber  tube  was  slipped  over  the  end  of  the  glass  tube,  a  por¬ 
tion  of  which  closed  against  the  stirrer.  The  flask  into  which 
the  syphon  extended  was  placed  at  such  a  height  that  the  level 
of  the  liquid  in  it  was  well  above  the  stopper  of  the  test  tube, 
and  in  the  event  of  a  leak  anywhere,  air  would  not  have  been 
admitted,  but  liquid  would  have  been  forced  into  the  test  tube. 
The  stirrer  was  turned  at  a  rate  of  about  200  revolutions  per 
minute. 

For  any  one  determination,  the  test-tube  was  completely  filled 
with  the  electrolyte  to  be  tried  and  a  sufficient  excess  of  the  elec¬ 
trolyte  was  put  into  the  flask  into  which  the  syphon  was  extended. 
The  liquid  in  the  test-tube  as  well  as  the  extra  liquid  in  the  flask, 
were  heated  to  boiling,  and  after  boiling  vigorously  for  several 
minutes  the  temperature  was  slightly  lowered  so  that  the  steam 
was  condensed,  and  the  test-tube  and  syphon  would  fill  completely 
with  the  electrolyte.  If  care  has  been  taken  not  to  contaminate 
the  sheet  nickel  with  hydrogen  of  oxide,  then  the  potential  of 
this  nickel  electrode  in  neutral  normal  nickel  sulphate  will  be 
about  0.42  volts  at  95 0  C.  and  0.48  volts  at  25 0  C. 

Different  current  densities  were  applied  to  this  electrode,  and 
after  a  sufficient  length  of  time  had  elapsed  so  that  a  permanent 
condition  was  reached,  then  the  potential  of  the  anode  against 
the  normal  calomel  electrode  was  recorded.  The  current  den¬ 
sities  ranged  from  0.04  milli-amperes  to  0.5  amperes  per  100 
sq.  cm.  The  permanent  condition  was  reached  in  a  few  minutes 
when  the  potentials  were  only  slightly  below  the  equilibrium 
potential,  e.  g.,  differed  not  exceeding  0.05  to  0.08  volts.  With 
larger  current  densities  which  produce  a  greater  drop  in  potential 
it  became  very  difficult  to  reach  a  permanent  state  that  could 
be  duplicated.  Hence,  some  of  the  results  are  correct  to  within 
0.05  volts  at  best,  though  most  of  them  may  be  considered  as 
being  much  nearer  the  probable  correct  value. 

The  following  results  are  obtained  with  neutral  normal  nickel 
sulphate.  This  solution  was  made  absolutely  neutral  by  adding 
enough  dilute  sodium  hydroxide  solution  to  produce  a  permanent 
precipitate.  It  was  filtered  before  it  was  used. 
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1.  —  NiS04 — neutral,  at  26°  C. 
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36.  Here  passivizing  began. 


In  order  to  facilitate  the  oversight  of  the  results  they  will 
all  be  given  in  the  form  of  plots  (which  see)  and  I  will  confine 
myself  here  to  pointing  out  the  main  features  to  be  noted. 

The  curves  presented  herewith  give  the  polarization  values  of 
the  nickel  anode  in  the  following  electrolytes : 

I.— N/i  NiSO,  at  26°  C. 

II.— N/i  NiCl2  at  26°  C. 

III. — N/i  NiSO,  at  950  C. 

IV. — N/i  NiCL,  at  95 0  C. 

V.— N/i  NiSO,  with  N/100  H2S04. 

VI.— N/i  NiSO,  with  N/10  H2S04. 

VII.— N/i  NiCL  with  N/10  HC1. 

VIII.— N/i  k2so4. 

IX. — N/i  NiS04,  using  the  anode  just  after  it  had  been  used 
with  N/i  K2S04. 

X.— N/i  K2S04  with  N/10  KOH. 

XI.— N/10  KOH. 

It  is  seen  that  Curve  V  slopes  away  decidedly  from  Curve  I, 
and  Curve  VI  still  more  so,  whereas  Curve  VII  practically  co¬ 
incides  with  Curve  II.  Since  the  electrolyte  for  Curve  VII  (i.  e„, 
N/i  NiCl2  with  N/10  HC1)  has  no  lesser  concentration  of 
hydrogen  ions  than  the  electrolyte  for  Curve  VI  (N/i  NiS04 
with  N/10  H2S04),  it  appears  that  the  hydrogen  ions  cannot  act 
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-directly  to  influence  the  behavior  of  the  nickel  anode.  Since 
furthermore  Curves  X  and  XI  slope  away  strikingly  on  the 
opposite  side  from  Curve  I  (or  rather,  from  its  correspondent, 
Curve  VIII — concerning  which  see  foot-note),  it  appears  that 
the  concentration,  more  specifically,  the  discharge  of  the  hydroxyl 
ions  is  the  prime  factor  which  produces  the  normal  polarization 
effects  that  lead  to  passivity.  The  influence  of  hydrogen  ions  is 
thus  seen  to  be  indirect,  and  due  to  the  fact  that  the  concentration 
of  the  hydroxyl  ions  is  less  in  inverse  proportion  to  the  concentra¬ 
tion  of  the  hydrions. 

From  results  gathered  in  connection  with  these  electrolyses 
as  well  as  from  my  results  on  the  reversible  behavior  of  the  nickel 
electrode  which  will  appear  elsewhere,  I  am  lead  to  believe  that 
the  behavior  of  the  nickel  anode  in  sulphate  electrolytes  is  the 
resultant  of  two  effects,  one,  the  direct  ionisation  of  the  metal ; 
the  other,  the  simultaneous  discharge  of  oxygen.  Nickel  appears 
to  have  a  very  small  ionisation  velocity  and  hence  cannot  furnish 
ions  fast  enough  for  any  largere  current  densities.  Hence  the 
passage  of  larger  currents  takes  place  partly  by  the  discharge 
of  oxygen.  It  appears  that  the  areas  thus  covered  with  oxygen 
are  not  able  to  send  out  ions,  and  thus  the  active  area  is  decreased 
as  the  discharge  of  oxygen  is  increased  either  through  greater 
current  densities  or  through  greater  concentration  of  hydroxyl  ions. 
When  the  electrolyzing  current  is  discontinued,  the  discharge 
oxygen  tends  to  reionise,  and  forms  with  the  active  spots  a  short- 
circuited  cell,  through  the  action  of  which  the  oxygen  is  finally 
removed  and  the  surface  recovers  its  original  condition.  If  the 
area  of  the  active  spots  is  small  compared  with  the  area  of  the 
oxygen  spots,  then  during  action  of  the  “short-circuit”  the  po¬ 
tential  shown  by  the  active  spots  (which  is  the  observed  potential 
of  the  pole)  may  have  any  value  below  the  potential  of  nickel,  just 
as  any  cell  when  an  excessive  amount  of  current  is  drawn  from  it 
shows  a  voltage,  far  below  its  normal.  In  this  way  the  low 
potentials  of  passive  metals  are  probably  produced. 


I  found  that  a  nickel  surface  undergoes  a  peculiar  change  in  alkali  sulphate 
solutions,  as  a  result  of  which  the  polarization  curve  extends  more  nearly  parallel  to 
the  current  density  axis.  However,  such  a  surface  gives  the  same  values  in  N/i  K2SO4 
as  in  N/i.  NiS04,  as  shown  by  Curves  VIII  and  IX.  Thus,  for  the  experiments 
with  alkaline  solutions,  Curve  VIII  should  be  referred  to  as  corresponding  to  Curve  I. 
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DISCUSSION. 

Dr.  H.  E.  Patten  :  Dr.  Schoch  was  led  into  his  study  of  the 
passivity  of  nickel  and  iron  through  another  line  of  work ;  he 
was  working  on  the  potential  of  the  reversible  electrode. 

Prof.  W.  D.  Bancroft  :  Mr.  Schoch  apparently  defines  as 
absolutely  neutral  solution,  one  he  gets  by  adding  caustic  potash 
to  the  nickel  cell,  and  then  filtering  from  the  solution.  Of 
course,  that  would  give  you  a  neutral  solution  only  in  case 
there  was  no  hydrolysis  nickelous  salt,  or  there  was  no  dissolving 
of  the  nickelous  hydroxide  by  the  nickel  salt. 

I  ask  Dr.  Patten  whether  the  possibility  of  hydrolysis  of 
nickelous  sulphate  has  been  considered? 

Mr.  Patten  :  The  impression  I  gather  is  that  it  had  been 
neglected:  that  is,  the  method  of  getting  the  solution  into  a 
neutral  condition  was  to  put  in  a  certain  amount  of  caustic  potash, 
but  the  objection  to  this  is  that  when  you  filter  off  a  solid  phase, 
resulting  from  the  addition  of  caustic  potash  to  the  neutral 
nickelous  sulphate,  you  change  the  conditions  of  equilibrium,  and 
give  a  chance  for  hydrolysis  to  take  place. 

Dr.  Schoch  (communicated) :  The  object  of  using  a  nickel 
sulphate  solution  which  had  been  treated  with  a  small  quantity 
of  sodium  hydroxide,  etc.,  was  to  obtain  solutions  which  were 
absolutely  identical  in  concentration  of  hydrions  or  hydroxylions. 
It  is  merely  one  step  in  making  the  conditions  accurately  repro  - 
duceable. 


A  paper  read  at  the  Fourteenth  General 
Meeting  of  the  American  Electro¬ 
chemical  Society  in  New  York  City, 
on  October  30,  1908;  President  E.  G. 
Acheson  in  the  chair. 


THE  FORMATION  OF  NITRIC  OXIDE  FROM  THE  AIR  BY  MEANS 
OF  A  CURRENT  OF  ELECTRICITY  OF  LOW  VOLTAGE 

By  G.  W.  Morden. 


The  following  paper  includes  the  results  of  an  investigation 
carried  out  in  the  department  of  physical  chemistry  in  the  Tech- 
nische  Hochschule  Karlsruhe,  Prof.  F.  Haber,  Director. 

The  increasing  need  of  nitrates  in  agriculture  and  in  the  in¬ 
dustries  has  produced  so  great  an  increase  in  the  demand  for 
Chili  saltpetre  that  the  export  of  this  material  now  amounts  to 
about  million  tons  yearly.  It  has  been  estimated  that  the 
increasing  use  of  this  material  will  accomplish  the  exhaustion  of 
the  deposits  now  being  worked  in  from  25  to  40  years.  Al¬ 
though  the  Chilian  government  asserts  that  the  lately  discovered 
deposits  exceed  in  magnitude  those  which  up  till  now  have  been 
the  source  of  supply,  yet  the  figures  given  show  the  importance 
of  finding  a  substitute  for  these  saltpetre  deposits.  I11  addition 
to  the  Chili  saltpetre,  the  ammonium  sulphate  that  is  won  as  a 
by-product  in  the  dry  distillation  of  coal  is  used  to  a  great  extent 
in  agriculture  as  an  artificial  fertilizer.  Four-fifths  of  the  salt¬ 
petre  exported  is  used  as  fertilizer,  the  other  fifth  being  applied 
to  the  manufacture  of  explosives,  sulphuric  acid,  and  to  the 
preparation  of  dye-stuffs.  In  order  to  keep  pace  with  the  in¬ 
creasing  demand  for  fertilizers,  great  exertions  have  been  made 
to  increase  the  yield  of  ammonium  sulphate  from  coal.  Caro1 
asserts  that  only  one-sixth  of  the  nitrogen  content  of  the  coal 
is  obtained  by  the  ordinary  dry  distillation  of  coal,  but  that  in 
the  Mond  process  there  is  an  almost  quantitative  transformation 
of  the  nitrogen  to  ammonia.  This  process  consists  in  removing 
the  gas  from  the  coal  by  means  of  air  and  an  excess  of  water 

1  Zeitschrift  fur  angew.  Cliemie,  19,  1077  (1906). 
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vapor.  One-third  of  the  total  annual  nitrogen  supply  is  obtained 
from  ammonium  sulphate,  the  balance  from  Chili  saltpetre. 
If,  however,  the  total  nitrogen  of  the  coal  is  obtained  more  than 
twice  the  requirement  at  present  supplied  by  the  Chili  saltpetre 
can  be  covered. 

Of  the  other  processes  which  serve  for  the  winning  of  nitrogen 
in  a  form  that  can  be  used  by  plants,  that  which  utilizes  the  air 
as  the  source  is  the  most  important,  and  by  far  the  most  im¬ 
portant  of  these  methods,  is  that  which  produces  cyanamid  from 
calcium  carbide  and  nitrogen,  according  to  the  process  of  Frank 
and  Caro2,  and  its  modification  by  Polzenius3. 

Besides  this  process,  the  winning  of  the  atmospheric  nitrogen 
by  means  of  the  electric  current  has  met  with  success.  In  nature 
this  happens  at  every  discharge  of  electricity  through  the  air 
in  the  form  of  lightning.  Similar  discharges,  as  sparks,  by 
means  of  high  tension  machines,  have  not  produced  such  yields 
as  to  lead  to  the  development  of  a  commercially  successful 
process.  On  the  contrary,  the  electric  arc  which  permits  the 
concentration  of  great  quantities  of  energy  in  a  small  space 
has  been  used  to  obtain  such  concentration  of  nitric  oxide  that 
the  product  can  be  profitably  worked  up. 

From  the  standpoint  of  economy,  the  question  of  the  yield 
per  kilowatt  hour  is  the  most  important,  and  accordingly  the 
chief  aim  is  to  so  arrange  the  arc  that  this  relation  shall  be  the 
most  favorable.  A  few  processes  that  have  a  special  technical 
interest  may  be  here  mentioned. 

In  the  year  1895,  Neville  and  Guye4  obtained  a  patent  which 
is  based  on  the  removal  of  the  nitric  oxide  as  quickly  as  possible 
from  the  arc,  while  at  the  same  time  the  entering  air  is  brought 
directly  into  the  arc. 

In  the  year  1899,  McDougall  and  Howies5  patented  a  process 
in  which  the  arc  burned  in  earthen  vessels  with  the  electrodes 
so  arranged  that  the  distance  between  them  could  be  regulated 
and  the  gas  after  being  subjected  to  the  action  of  the  arc  was 
led  through  towers  where  the  nitric  oxide  was  absorbed  by 
water.  Eight  arcs  were  arranged  in  parallel  and  the  energy  was 

2  German  Patents  108,971,  116,087,  116,088. 

3  German  Patent  163,320. 

4  German  Patent  88,320  (1895). 

5  English  Patent  4,643. 
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supplied  by  a  7,500  volt  alternating  current  machine.  The 
yield  in  the  most  favorable  cases  was  about  34  gms.  of  nitric 
add  per  kilowatt  hour. 

Kowalski  and  Moscicki6  with  a  similar  arrangement,  but  with 
a  tension  of  50,000  volts,  a  current  of  0.05  amp.,  and  6-10,000 
alternations  per  second,  obtained  a  similar  yield. 

In  the  United  States,  Love  joy  and  Bradley7  worked  out  a 
process  which  was  patented  by  the  Atmospheric  Products  Co. 
at  Niagara.  They  used  thin  arcs  which  were  continually  broken 
and  made  by  the  rotation  of  the  apparatus,  so  that  an  extraordi¬ 
narily  rapid  removal  of  the  gas  from  the  influence  of  the  arc  was 
accomplished.  The  direct  current  was  supplied  by  a  10,000 
volt  machine  to  a  series  of  parallel  arcs  provided  with  appropriate 
resistances  in  the  form  of  inductance  coils.  The  positive  elec¬ 
trodes  were  arranged  on  the  rotating  axis  and  passed  the  negative 
electrodes  at  a  distance  so  short  that  the  arc  “struck  over.” 
The  total  current  supplied  by  the  dynamo  amounted  to  one 
ampere,  while  the  current  for  each  arc  was  about  0.004  to  0.005 
amp.  The  air  was  admitted  to  the  chamber  at  both  ends  and 
drawn  out  through  openings  close  to  the  negative  electrodes. 

The  process  of  Birkeland  and  Eyde8  which  is  in  operation 
at  Notodden,  Norway,  is,  from  the  commercial  standpoint,  the 
most  important  and  the  most  successful.  In  this  process  the 
electrodes  are  in  series  with  an  induction  coil,  and  the  arcs 
burn  between  the  poles  of  a  strong  electromagnet.  By  this 
means  the  arc  is  flattened  and  driven  outwards  from  the  elec¬ 
trodes  till  it  is  broken,  being  immediately  re-made  between  the 
electrodes.  This  electromagnetic  “bellows”  acts  several  hundred 
times  per  second.  A  2,000  kilowatt  generator  with  5,000  volts 
tension  supplies  a  three-phase  alternating  current,  and  the  three 
ovens  which  are  arranged  between  the  three  phases  work  over 
25,000  liters  of  air  each  per  minute.  According  to  the  investi¬ 
gations  of  an  international  commission  of  experts9,  a  yield  of 
500  kilograms  of  nitric  acid  per  kilowatt  year  can  be  guaranteed. 
With  a  power  price  of  $5.00  per  kilowatt  year  as  given  by 
Klaudy10,  this  amounts  to  4^2  cents  per  kilogram  of  combined 

6  English.  Patent  20,497  (1903). 

7  English  Patent  8,230  (1901). 

8  Norweg.  Patents  13,240  and  13,280  (1903). 

9  Donath  and  Freuzel,  Die  Technische  Ausnutzung  des  a':mos,  Stickstoffes,  p  549. 

10  Zeit.  fur  Electrochemie,  12,  545  (1906). 
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nitrogen  as  nitric  oxide,  while  with  a  market  price  of  $5.25 
per  100  kilograms  for  Chili  saltpetre,  the  price  of  the  combined 
nitrogen  amounts  to  about  33  cents  per  kilogram. 

In  opposition  to  the  thin  arcs  of  Birkeland  and  Eyde,  the 
Badische  Anilin  and  Soda  Fabrik11  uses  long  arcs  with  strong 
currents  which  are  said  to  give  excellent  results. 

Grau  and  Russ12  have  obtained  a  patent  in  the  United  States 
according  to  which  the  products  of  the  reaction  in  the  arc  are 
walls,  one  would  naturally  sacrifice  a  slightly  greater  loss  of  heat, 
taken  solely  from  the  central  part  of  the  arc  through  cooled 
tubes.  The  electrodes  are  contained  in  a  chamber  into  which 
the  arc  enters,  while  two  or  more  tubes  provided  with  cooling 
mantels  project  into  the  arc  through  which  the  products  are 
sucked  out.  It  is  also  possible  to  make  one  electrode  hollow 
and  draw  the  gases  from  the  arc  through  this. 

Besides  the  above,  there  should  be  specially  mentioned  the 
treatises  of  Muthmann  &  Hofer  and  of  Brode.  Muthmann 
&  Hofer13  have  worked  on  the  combustion  of  the  atmoshperic 
nitrogen  in  the  electric  flame.  For  this  purpose  they  used 
an  alternating  current  of  2,000  to  4,000  volts  and  a  current 
of  0.05  to  0.15  amp.  Under  these  circumstances  they  obtained 
a  flame  of  0.4  to  3.5  cm.  long  under  atmospheric  pressure. 
In  a  flask  of  one  liter  capacity,  they  found  after  15  to  20  minutes 
3.7%  nitric  oxide.  They  correctly  recognized  that  this  was  a 
case  of  equilibrium,  though  they  were  astray  in  regard  to  the 
temperature,  and  assumed  the  equilibrium  to  be  purely  thermal 
without  proving  it. 

Brode14  made  his  experiments  with  an  electric  flame  of  high 
voltage,  and,  besides  deading  with  the  question  of  equilibrium 
between  nitric  oxide  and  air,  he  especially  investigated  the 
reactions  which  take  place  in  the  different  parts  of  the  flame. 
In  those  experiments  dealing  with  equilibrium,  the  air  did  not 
pass  through  the  apparatus,  but  the  flame  burned  in  the  four- 
liter  bulb  till  samples  of  the  gas  showed  a  constant  composition. 
With  small  flames  this  required  a  very  long  time,  often  an  entire 
day.  Using  from  25  to  70  watts,  and  with  Nernst  filaments 

11  German  Patent  40,300  (1905). 

12  United  States  Patents  884,919  and  884,920. 

13  Berichte  der  deut.  chem.  Gesellschaft,  36,  438  (1903). 

14  Zeit.  fur  Rlectrochemie,  11,  752  (1905). 
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as  electrodes,  he  obtained  from  4.4  per  cent,  to  6.4  per  cent,  nitric 
oxide,  the  smallest  percentage  being  obtained  with  the  greatest 
watt  consumption  in  large  flames.  With  platinum  electrodes  he 
obtained  7.2  per  cent,  and  with  iridium,  5.8  per  cent,  nitric  oxide. 
The  latter  result  he  ascribes  to  the  decomposing  influence  of  the 
fine  particles  of  iridium  on  the  nitric  oxide  in  the  flame.  The  un¬ 
favorable  influence  of  the  high  watt  consumption  using  the  same 
arc  length  he  does  not  explain.  It  was  found  in  the  course  of 
the  present  investigation  that  the  material  of  the  electrodes  exerted 
no  influence,  but  that  on  the  contrary  the  yields  with  platinum 
and  iridium  were  in  accord.  It  was  found,  however,  that  the 
watt  consumption  had  a  considerable  influence. 

All  these  processes  and  investigations  rest  on  the  assumption 
that  it  is  expedient,  in  order  to  obtain  the  highest  concentration, 
to  bring  the  gases  in  the  arc  to  a  high  temperature  and  then  as 
quickly  as  possible  to  cool  them  so  that  they  may  quickly  pass 
through  that  range  of  temperature  in  which  a  small  nitric  oxide 
concentration  goes  hand  in  hand  with  a  great  decomposition 
velocity. 

Warburg  and  Leithauser15  found  that  it  was  possible  to  obtain 
nitric  oxide  from  the  air  by  an  electric  discharge  without  the 
application  of  a  high  temperature.  Their  yields  were  small.  Tak¬ 
ing  one  example  from  their  results,  it  was  found  that,  with  a 
current  of  0.28  x  10-3  amp.  and  9900  volts  over  the  total  circuit, 
the  yield  was  3  c.c.  per  hour  at  atmospheric  pressure  with  a  gas 
velocity  of  13  c.c.  per  second.  But  these  experiments  are  only 
important  in  that  they  disprove  the  conclusion  of  Berthelot,  who 
stated  as  a  result  of  his  experiments  that  it  was  impossible  to 
form  nitric  oxide  in  the  electrical  way  without  the  application  of 
heat. 

Haber  and  Koenig16  then  attempted  by  means  of  the  cooled 
arc  to  obtain  results  that  would  accordingly  be  due  chiefly  to 
electrical  action.  I11  the  following  investigation  this  is  carried 
still  further,  but  with  an  arrangement  of  apparatus  that  is  quite 
different  from  that  of  Haber  and  Koenig.  The  experiments  were 
carried  on  at  first  in  a  very  high  vacuum  in  which  free  electrons 
move  very  easily.  The  later  experiments  were  performed  under 

15  Annalen  der  Physik,  20,  734. 

16  Zeitschrift  fur  Flectrochemie,  13,  720  (1907).  N 
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pressures  which  gradually  increased  till  about  a  pressure  of  one 
atmosphere  was  reached.  In  the  later  cases,  a  very  short  arc 
was  used,  while  Haber  and  Koenig  worked  with  very  long  ones, 
while  still  another  difference  lay  in  the  fact  that  the  later  investi¬ 
gators  used  an  alternating  current,  while  in  these  experiments  a 
direct  current  was  used.  By  using  as  anode  a  hollow,  water- 
cooled,  silver  capillary  tube,  by  sucking  the  gases  out  through 
its  centre,  and  with  a  hot  cathode  lying  quite  near  the  anode,  it 
was  possible  to  obtain  either  high  percentages  of  nitric  oxide 
or  great  yields  per  kilowatt  hour  by  using  appropriate  pressure 
and  gas  velocity.  The  highest  concentrations  which  had  till  now 
been  obtained  with  air  were  between  9.5  per  cent,  and  10  per 
cent.,  which  are  those  of  Haber  and  Koenig  at  100  mm.  pressure. 
With  the  apparatus  used  in  these  experiments  as  high  percent¬ 
ages  were  obtained,  but  with  low  voltage  and  at  pressures 
between  300  and  400  mm.  pressure.  The  yields  obtained  in  the 
best  commercial  processes  are  given  as  550  kilograms  of  nitric 
acid  per  kilowatt  year,  or  63  grams  per  kilowatt  hour.  In  this 
investigation  the  yields  obtained  ran  as  high  as  788  kilograms  per 
kilowatt  year,  or  about  90  grams  per  kilowatt  hour.  The  most 
favorable  conditions  for  these  will  be  considered  after  the  ex¬ 
periments  themselves  have  been  described. 

THE  CHARACTER  OE  THE  DISCHARGE  IN  GASES. 

Corresponding  to  the  fact  that  in  gases  as  in  solutions  ionisa¬ 
tion  is  necessary  for  the  passage  of  the  current,  it  is  possible  to 
distinguish  for  gases  three  kinds  of  current  according  to  the 
origin  of  the  ionisation,  viz.,  dependent,  independent  and  mixed 
dependent  currents. 

If  the  ionisation  is  singly  and  solely  the  result  of  the  action 
of  an  external  ionizer,  such  as  Roentgen  rays,  high  temperature, 
etc.,  then  the  current  is  dependent.  The  current  in  this  case 
exists  then  only  so  long  as  the  ionizer  acts,  and  the  strength  of 
the  current  depends  only  on  the  ionizer. 

In  an  independent  current  the  ionisation  is  called  out  by  the 
impact  of  the  moving  ions  themselves  on  neutral  gas  molecules, 
and  cannot  be  obtained  under  a  certain  minimum  electrode  po¬ 
tential. 

As  the  name  indicates  the  mixed  dependent  current  is  the 
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result  of  the  action  of  an  external  ionizer  and  of  the  impact  of 
the  ions. 

The  dependent  current  can  be  obtained  in  a  gas  by  any  differ¬ 
ence  of  potential  no  matter  how  small.  Beginning  with  the 
smallest  potential,  the  current  increases  with  increase  of  the 
potential,  at  first  rapidly,  then  slowly,  till  it  reaches  an  almost 
constant  value — the  saturation  current.  On  still  further  increas¬ 
ing  the  potential,  the  current  strength  increases,  i.  e.,  the  velocity 
of  the  ions  is  increased  till  ionisation  by  impact  is  brought  about. 


FIG.  I. 


and  this  effect  is  added  to  that  of  the  external  ionizer.  In  gen¬ 
eral,  at  low  pressures,  this  change  of  dependent  to  mixed  de¬ 
pendent  current  occurs  if  the  ion  passes  free  through  a  potential 
fall  of  about  30  volts.  This  potential  fall  is  necessary  to  impart 
to  the  ion  an  energy  sufficiently  great  so  that  it  can  bring  about 
ionisation  of  the  neutral  molecule  by  impact. 

The  accompanying  curve  or  “characteristic,' ”  Fig.  1,  shows  the 
relation  between  these  different  currents  as  they  appear  on 
increasing  the  e.  m.  f.  from  zero,  providing  that  a  sufficiently 
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great  resistance  is  in  the  circuit.  If  an  external  ionizer  is  used, 
for  example  Roentgen  rays,  it  is  seen  at  first  as  shown  in  the 
figure  that  the  current  increases  with  increasing  potential  till  a 
maximum  is  reached,  while  the  ionisation  by  impact  of  the  ions 
brought  about  by  still  greater  potential  difference  appears  first 
near  the  electrodes  which  are  accordingly  surrounded  by  a  mantle 
of  light.  The  middle  or  intervening  stretch  of  gas  remains  dark. 
The  “characteristic”  now  shows  an  increase  in  the  current  due  to 
the  increased  ionisation.  As  soon  as  ionisation  takes  place  along 
the  whole  intervening  stretch  of  gas  the  current  increases  further 
while  the  potential  difference  of  the  electrodes  falls — we  have  then 
the  glow  current.  By  increasing  the  current  now,  more  heat  is 
generated,  and  if  the  additional  resistance  is  not  great  enough, 
the  heating  of  the  electrodes,  especially  of  the  cathode,  through 
the  bombardment  of  the  electrons,  is  so  great  that  with  the  simul¬ 
taneous  increase  in  the  current  and  decrease  in  the  potential  the 
electrical  discharge  is  carried  by  the  vapor  of  the  electrode.  Till 
recently  such  a  discharge  has  been  designated  as  an  electric  arc. 
The  latter  is  nowadays  no  longer  considered  as  identical  with  the 
discharge  in  the  form  of  vapor  of  the  electrode  material,  but  is 
distinguished  by  the  low  value  of  the  fall  in  potential  at  the 
cathode  from  the  glow  current,  as  in  the  case  of  the  latter  this 
potential  fall  is  greater. 

In  the  following  investigation  the  discharge  is  a  purely  in¬ 
dependent  one  in  which  the  cathode  fall  is  made  relatively  very 
small  by  using  a  hot  iridium  cathode  covered  with  calcium  oxide 
according  to  Wehnelt17.  Vapor  of  the  electrode  material  is  not 
present  in  the  arc.  According  to  former  nomenclature  this  wouhf 
be  designated  as  glow  current,  but  is  now  spoken  of  as  an  arc. 


Preliminary  Experiments. 

The  preliminary  experiments  were  made  with  an  e.  m.  f.  of 
20  to  60  volts  at  pressures  between  o.i  and  3.0  mm.,  the  current 
strength  being  0.1  x  io-3  to  0.2  x  io-3  amp.  But  the  quantity  of 
nitric  oxide  obtained  at  the  lowest  of  these  pressures  was  too 
small  to  be  detected  by  the  most  delicate  tests,  and  at  3  mm. 
pressure  only  traces  could  be  found. 

17  Annalen  der  Physik,  14,  425  (1904). 
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Principal  Experiments. 

The  experiments  here  described  were  carried  out  with  pres¬ 
sures  between  20  mm.  and  700  mm.  under  the  following  condi¬ 
tions  :  Fig.  2  gives  a  diagrammatic  representation  of  the 
apparatus.  In  Fig.  3,  the  arc  .chamber  is  shown  on  an 
enlarged  scale.  The  air  enters  this  bulb  and  is  subjected  to  the 
action  of  the  arc.  Two  copper  rods,  a,  a,  2  mm.  in  diameter, 
pass  through  the  glass  stopper  in  which  they  are  sealed  air-tight 
by  means  of  sealing  wax.  The  end  of  each  rod  projecting  in 
the  bulb  is  about  4  mm.  in  diameter,  and  into  this  enlarged  end 
a  double  strip  of  nickel,  b,  is  held  by  screw.  This  nickel  strip 
serves  as  the  connection  for  the  iridium  cathode,  the  contact 
being  only  through  spring  pressure  of  the  bent  nickel  pieces. 
Lying  directly  opposite  the  iridium  cathode  is  the  nickel  anode,  dr 


which  is  carried  by  a  copper  wire  and  is  also  sealed  into  its  tube 
by  sealing  wax.  From  below,  a  glass  tube,  “f,”  projects  into 
the  bulb  and  bears  on  its  upper  end  a  hollow  platinum  cone,  the 
upper  end  of  which  projects  to  near  the  lower  side  of  the  arc. 
This  tube,  “f,”  is  movable  in  the  outer  tube  by  means  of  a  ground 
glass  joint. 

In  experiments  1-13  of  Table  I,  the  air  entered  the  arc  chamber 
through  the  tube,  “f”  and  left  through  the  tube,  “gd*  In  the 
experiments  of  Table  II  this  arrangement  was  reversed  so  that 
the  air  was  drawn  out  immediately  after  it  had  passed  through 
the  arc.  In  this  last  arrangement  it  would  be  more  unlikely 
that  air  would  be  withdrawn  that  had  not  been  subject  to  the 
action  of  the  arc.  In  Table  III  are  the  experiments  in  which 
the  nickel  anode  was  pushed  so  close  to  the  cathode  that  it 
made  contact  with  the  platinum  cone  on  the  top  of  the  tube,  “//' 
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so  that  practically  the  air  was  withdrawn  through  the  anode. 
In  all  the  remaining  experiments  the  arrangement  shown  in  Fig. 
4  was  used.  This  anode  is  the  silver,  water-cooled  capillary 
similar  to  that  first  used  by  Haber  and  Richardt,  and  now  gen¬ 
erally  used  in  the  laboratory  of  the  Technische  Institute,  Karls¬ 
ruhe,  for  the  estimation  of  the  equilibrium  of  gases  in  flames. 
This  arc  chamber  shown  in  Fig.  2  is  the  principal  part  of  the 
apparatus,  the  rest  of  the  apparatus  serving  to  measure,  dry  and 
collect  the  gas  as  well  as  to  measure  its  velocity.  The  electrical 
part  consists  of  the  necessary  measuring  instruments  and  re¬ 


sistances  as  shown  in  Fig.  2,  as  well  as  the  generators  not 
shown. 

The  air  was  drawn  through  the  apparatus  by  means  of  a  water 
suction  pump.  It  passed  first  through  a  gasmeter  so  that  it 
would  be  possible  to  measure  the  gas  velocity,  then  through  a 
soda-lime  tower  to  absorb  the  carbon  dioxide  through  sulphuric 
acid  and  phosphorus  pentoxide  for  drying,  then  through  a  tap 
where  the  velocity  could  be  carefully  regulated,  and  then  into 
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the  arc  chamber  which  it  left  by  one  of  the  above-mentioned 
methods.  From  this  chamber  the  gas  could  either  be  led  directly 
to  the  pumps,  or  through  the  gas  pipette  and  then  to  the  pump, 
according  to  the  arrangement  of  the  two  two-way  taps,  i  and  2, 
shown  in  the  figure.  In  addition  there  was  another  tap  for  more 
careful  regulation  of  the  gas  velocity,  this  tap  beting  between 
the  two-way  tap,  i,  and  the  pump.  The  mercury  manometer  in¬ 
dicated  the  pressure  of  the  gas  at  its  entrance  into  the  pipette 
which  except  at  the  greatest  velocities  was  the  same  as  in  the 
arc  chamber.  This  pressure  gauge  was  protected  against  the 
action  of  the  nitric  oxide  by  means  of  a  soda-lime  tube. 

By  means  of  the  two  two-way  taps  it  was  possible  to  change 
the  pipettes  without  interrupting  the  electrical  current  or  that 
of  the  gas.  By  reversing  these  and  by  closing  tap  3,  the  pressure 
in  the  arc  chamber  was  kept  constant.  In  experiments  where 
the  velocity  was  great  the  taps,  1,  2  and  3,  were  closed  simul¬ 
taneously.  After  closing  the  two  taps  at  the  end  of  the  pipette 
the  latter  could  be  removed  by  disconnecting  the  rubber  tubing 
at  the  ends.  After  inserting  another  pipette  the  tap,  1,  was 
opened  and  the  pipette  evacuated  to  the  required  pressure,  after 
with  the  taps,  2  and  3,  were  opened. 

The  copper  conductors  of  the  cathode  were  connected  to 
the  no  volt  circuit  through  a  lamp  rheostat  and  another 
variable  resistance.  The  iridium  cathode  was  0.03  mm.  thick 
and  1  to  1.2  mm.  wide.  The  necessary  heating  current  varied  with 
the  length  and  width  of  the  iridium  strip,  varying  between  4 
and  7  amp.  Experience  soon  taught  one  to  recognize  by  the 
brilliancy  of  the  iridium  when  it  was  near  its  melting  point. 
Since  the  metal  slowly  disintegrated  at  the  point  where  the  arc 
originated  and  thereby  became  narrower,  it  was  necessary,  in 
order  to  prevent  melting,  to  lessen  the  heating  current  during 
the  progress  of  the  experiments. 

The  current  necessary  for  the  arc  was  furnished  by  a  one-half 
horse -power  dynamo,  which  gave  on  open  circuit  about  550 
volts  at  the  electrodes.  In  the  arc  circuit  were  three  220-volt 
lamps  and  a  slide  rsistance  of  220  ohms,  all  in  series.  The  cur¬ 
rent  strength  varied  between  0.1  and  0.25  amp.  with  a  voltage 
at  the  arc  varying  in  different  experiments  between  100  and  280 
volts,  corresponding  to  a  power  consumption  of  20  to  50 
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watts.  The  arrangement  of  the  electrical  measuring  instruments 
is  shown  in  the  figure. 

In  order  to  ignite  the  arc  the  apparatus  was  evacuated  to  a  low 
pressure  which  varied  according  to  the  distance  apart  of  the 
electrodes  and  to  the  temperature  of  the  cathode.  In  general  this 
pressure  was  between  100  and  200  mm.,  though  with  the  shortest 
arcs  it  was  easily  obtained  with  pressures  between  550  and 
650  mm. 

The  water  for  cooling  the  anode  was  conducted  through  rubber 
tubing  to  the  reservoir  shown  in  the  figure,  from  this  through 
tubing  to  the  anode,  and  finally  in  a  similar  manner  to  the  waste 
pipe.  The  voltage  being  550,  the  water  column  between  the 
anode  and  the  pipes  was  made  as  long  as  possible. 

The  iridium  was  moistened  with  a  solution  of  calcium  nitrate 
and  heated  strongly  to  obtain  an  adhesive  layer  of  calcium  oxide. 
The  pipettes  were  of  different  sizes,  approximating  to  2,000,  500 
and  150  c.c.,  according  to  the  gas  velocity,  the  smallest  being 
used  where  the  velocity  was  small,  i.  e.,  between  three  and  five  c.c. 
per  minute.  After  each  experiment  the  pipette  was  washed  out 
with  conductivity  water,  then  with  alcohol,  evacuated,  strongly 
heated,  and  then  cooled  by  leading  carefully  dried  air  through  it. 
This  treatment  was  required,  since  a  trace  of  moisture  would 
give  too  high  percentage  of  nitric  oxide. 

CoiTvFCTlNG  AND  TESTING  TTIF  Gas. 

The  process  by  which  an  experiment  was  carried  out  was  as 
follows :  The  cathode  was  heated  and  the  apparatus  evacuated 
directly  through  the  two  two-way  taps  till  the  arc  was  obtained. 
Then  these  taps  were  slowly  reversed  to  bring  the  pipette  in  the 
circuit.  The  time  was  taken  as  well  as  the  room  temperature 
and  the  atmospheric  pressure,  the  reading  of  the  gasmeter  recorded 
and  those  of  the  electrical  instruments,  these  latter  being  adjusted 
if  necessary  by  regulating  the  resistances. 

Before  collecting  a  sample  of  the  gas,  sufficient  was  allowed 
to  pass  through  to  amount  to  four  or  five  times  the  volume  of 
the  apparatus  so  as  to  be  sure  that  the  original  air  was  all  swept 
out.  At  the  end  of  the  experiment  the  readings  were  again 
taken  and  the  duration  of  the  experiment  determined.  After  re¬ 
moving  the  pipette,  one  of  its  ends  was  immersed  in  conductivity 
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water  and  the  tap  at  this  end  opened  till  75  to  100  c.c.  water  had 
entered.  In  order  to  completely  absorb  the  gas  in  the  pipette,  it 
was  shaken  on  a  machine  for  at  least  two  hours,  and  the  solution 
obtained  was  titrated  with  barium  hydrate  solution  after  the  ad¬ 
dition  of  alcoholic  solution  of  phenolphthalein.  As  soon  as  the 
pink  color  appeared,  the  pipette  was  washed  out  with  pure  water 
three  times  and  again  titrated. 

For  all  the  experiments  in  Table  I,  all  in  Table  II  with  the 
exception  of  the  last  two,  and  for  experiments  116,  11 7,  118 
and  1 19  of  Table  IX,  the  barium  hydrate  solution  was  0.054 
normal.  All  the  other  experiments  were  titrated  with  0.0838 
normal  solution. 

In  order  to  save  time  and  to  carry  out  a  series  of  experiments 
rapidly,  a  number  of  pipettes  were  used.  In  the  tables  the  num¬ 
bers  of  these  pipettes  are  given  in  each  experiment  and  the 
following  table  gives  the  numbers  and  the  volumes : 


1—2,197  c.c. 

2. -2,350  “ 

3. -2,040  “ 

4. -2,870  “ 

5. -2,311  “ 


6.- 

—2,423  c.c. 

II. — 154.6  c.c. 

16. — 458.4  C.C. 

7-- 

-  562.4  “ 

12.— I3I.3  “ 

17.— 439.0  “ 

8.- 

-  613.7  “ 

I3-— 551.6  “ 

18.— 530.6  “ 

9* 

-  564.0  “ 

14.— 556.7  “ 

19.— 541.5  “ 

10.- 

-  147-0  “ 

15— 566.7  “ 

20.— 544.O  “ 

CALCULATION  OR  THE)  RESULTS. 

From  the  observed  values  of  the  temperature  and  pressure 
and  the  known  volume  of  the  pipette,  the  volume  of  the  gas  in  the 
latter  at  o  and  760  mm.  was  calculated.  The  number  of  c.c.  of 
barium  hydrate  solution  multiplied  by  the  normal  factor  of  the 
solution  gives  the  number  of  c.c.  of  nitric  oxide  and  from  this 
volume  and  the  known  volume  of  the  pipette  the  percentage  of 
nitric  oxide  is  calculated. 

In  order  to  determine  the  relation  between  the  quantity  of 
nitric  oxide  obtained  and  the  energy  used,  the  readings  of  the 
ammeter  and  voltmeter  are  multiplied  together  to  get  the  number 
of  watts  used  in  the  arc. 

The  reading  of  the  gas-meter  was  reduced  to  o  and  760  mm., 
the  barometer  reading  having  been  corrected  for  the  vapor  pres¬ 
sure  of  water  at  the  room  temperature.  Having  then  determined 
the  volume  that  passed  through  the  apparatus,  the  volume  per 
hour  was  calculated.  When  this  is  multiplied  with  the  percentage 
of  nitric  oxide  found,  the  number  of  c.c.  nitric  oxide  per  hour  is 
obtained. 
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Tabus  VIII — Pressure,  500  mm. 
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Table  IX — Pressure,  590  mm. 
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Table  X — Pressure,  over  700  m. 
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THE  RESULTS  OE  THE  EXPERIMENTS. 

Table  I  gives  the  results  of  13  experiments  which  were  carried 
out  with  pressures  between  22  and  70  mm.  and  with  velocities 
which  were  from  7  to  17  c.c.  per  minute.  The  platinum 
glowed  dark  red.  The  length  of  the  arc  was  about  17  mm.  The 
cathode  was  dark  red  with  the  exception  of  the  very  small  place 
where  the  arc  rested  which  was  white  hot.  This  point  did  not 
remain  constant  but  wandered  over  the  surface  of  the  cathode. 
The  arc  had  an  elliptical  form  and  a  pink  violet  color  which  at 
the  surface  of  the  cathode  was  a  lavender  blue.  From  the  table 
it  is  seen  that  the  per  cent,  varies  between  1.19  and  2.95.  It  is 
plain  that  this  concentration  increases  with  the  pressure  and  falls 
with  the  velocity.  The  influence  of  velocity  is  seen  by  a  com¬ 
parison  of  experiments  1  and  2  which  were  carried  out  at  the 
same  pressure  of  70  mm.  A  similar  relation  exists  between 
those  experiments  which  were  carried  out  at  42  111m.,  but  it  is 
seen  that,  although  the  per  cent,  of  nitric  oxide  is  smaller,  the 
yield  per  kilowatt  hour  is  greater,  i.  e.,  it  increases  with  the 
velocity. 

In  order  to  determine  the  influence  that  the  heating  of  the 
cathode  exerted  on  the  result,  experiments  5,  7  and  8  were  per¬ 
formed  without  any  heating  current,  so  that  the  cathode  after 
ignition  of  the  arc  was  only  heated  by  the  arc  itself.  No  differ¬ 
ence  is  seen  between  these  experiments  and  those  carried  out 
where  the  other  circumstances  were  similar.  Experiment  1  was 
carried  out  without  any  arc  at  70  mm.  while  the  cathode  was  heated 
to  the  highest  possible  temperature  without  melting.  The  gas 
was  drawn  through  very  slowly,  but  not  a  trace  of  nitric  oxide 
was  found  in  the  pipette. 

Since  it  was  possible  that  a  part  of  the  gas  leaving  the  platinum 
cone  might  be  taken  from  the  arc  chamber  without  coming  into 
the  arc,  the  arrangement  was  reversed  so  that  the  gas  left  the 
arc  chamber  through  the  platinum  cone  and  the  platinum  was 
pushed  as  nearly  as  possible  to  the  arc.  Table  II  gives  the 
result  of  a  series  of  14  experiments  carried  out  in  this  manner. 
The  first  four  gave  a  little  better  result  than  the  preceding  series, 
and  accordingly  the  same  arrangement  was  retained  for  those 
at  higher  pressure,  which  also  gave  still  better  results.  In  ex- 


FORMATION  OF  NITRIC  OXIDF  FROM  THF  AIR. 


135 


periments  25,  28,  30  and  31  no  heating  current  was  used,  and  the 
percentage  was  not  adversely  affected.  Since  Brode  asserted 
that  platinum  gave  better  results  that  iridium,  experiments  26  and 

31  of  this  series  as  well  as  some  others  of  the  following  series 
were  made  with  platinum  as  cathode,  but  the  results  obtained 
gave  no  confirmation  of  Brode’s  statement.  In  order  to  carry 
out  the  experiments  at  higher  pressure  without  too  great  an 
increase  in  the  voltage,  the  distance  between  the  electrodes  was 
reduced  to  6  mm.  In  experiment  26  this  distance  was  only  4  mm. 

In  order  to  obtain  this  shorter  arc  for  the  higher  pressures 
the  anode  was  shoved  in  till  it  came  in  contact  with  the  platinum 
and  the  arc  rested  more  or  less  completely  on  it. 

The  next  series  shown  in  Table  III  comprises  experiments 

32  to  39  with  pressures  between  300  and  600  mm.  It  was  quite 
difficult  to  prevent  the  platinum  cone  from  melting  and  this 
gradual  melting  of  its  edge  so  shortened  the  platinum  anode  that 
the  gas  was  not  taken  out  of  the  arc..  No  heating  current  was 
used  in  this  series  with  the  exception  of  3 7  and  36.  Evidently 
in  experiment  39  there  is  a  mistake  as  the  arc  was  only  2  mm. 
long  and  many  subsequent  experiments  showed  that  it  was  im¬ 
possible  to  obtain  so  high  voltage  under  such  circumstances. 
From  experiment  35  we  see  how  greatly  the  yield  increases  with 
the  gas  velocity. 

In  order  to  retain  the  advantage  of  a  short  arc  as  well  as 
to  prevent  the  heating  of  the  anode,  which  was  especially  great 
with  increased  velocities,  recourse  was  had  to  a  cooled  anode — 
the  water-cooled  capillary  of  Haber  and  Richardt.  The  length 
of  the  arc  could  be  easily  regulated  by  bending  the  copper  con¬ 
ductors  of  the  cathode.  The  arrangement  is  shown  in  Fig. 
Ill,  B.  There  are  two  points  which  had  to  be  principally  kept 
in  view.  First,  the  maximum  concentration  at  the  different  pres¬ 
sures  was  to  be  found,  and,  second,  to  determine  the  best  yield 
per  kilowatt  hour.  For  the  first  purpose,  small  velocities  were 
required;  for  the  second,  great  velocities;  while  low  pressures 
(up  to  a  certain  limit)  proved  more  profitable  for  high  concen¬ 
tration,  and  high  pressures  gave  better  yields  per  kilowatt  hour. 
As  mentioned,  this  holds  within  certain  limits,  for,  while  greater 
concentrations  were  obtained  at  300  mm.  pressure  with  small  ve¬ 
locity  than  at  400  and  500  under  like  circumstances  a  lowering 


136 


G.  W.  MORDEN. 


of  the  pressure  to  200  and  100  mm.  did  not  give  still  higher  con¬ 
centrations. 

A  few  experiments  were  made  to  see  the  general  trend  of  the 
results,  and  it  was  seen  that  at  100  mm.  pressure  poorer  con¬ 
centration  and  yields  were  obtained  than  at  higher  pressures. 
Table  IV  gives  the  results  of  three  such  experiments,  and  it  is 
seen  that  only  4.75  per  cent,  was  reached.  In  order  to  prevent 
as  far  as  possible  mistakes  in  titration  at  lower  pressures,  it  would 
be  necessary  to  work  with  pipettes  of  great  volume,  and  so  no 
experiments  with  small  velocity  were  made.  In  order  to  pass 
through  the  required  quantity  of  air  the  duration  of  the  experi¬ 
ment  would  be  unduly  long. 

Table  V  contains  the  results  of  12  experiments  with  gas  ve¬ 
locities  between  1.5  and  590  c.c.  per  minute.  The  percentage 
of  nitric  oxide  lies  between  1.5  and  8.5  per  cent.,  while  the  yield 
of  nitric  acid  per  kilowatt  hour  has  increased  to  61.3  gm.  In 
97  the  cathode  was  of  platinum  and  in  10 1  there  was  no  heating 
current  without  in  either  case  there  being  any  noticeable  change 
in  the  results. 

In  Table  VI  are  found  the  experiments  at  300  mm.  pressure. 
Here  the  concentration  reaches  almost  10  per  cent,  and  the  yield 
of  nitric  acid  66  gms.  per  killowatt  hour.  The  length  of  the  arc 
varied  between  2.5  and  3  mm.  In  experiment  85  the  high  yield 
is  to  be  ascribed  to  the  small  current  used.  This  small  current 
was  due  to  a  slightly  longer  arc  and  the  use  of  a  higher  resistance 
by  which  means  the  voltage  at  the  arc  was  kept  low.  Two  ex¬ 
periments  were  here  carried  out  with  a  platinum  cathode.  Ex¬ 
periments  142,  143  and  144  were  made  to  confirm  the  good  result 
found  in  96.  In  144  no  heating  current  was  used. 

Table  VII  gives  the  results  at  400  mm.  It  is  seen  that  the 
high  concentration  obtained  at  300  mm.  is  not  reached,  but  the 
yield  of  nitric  acid  per  kilowatt  hour  is  better.  The  length  of 
the  arc  was  between  2  and  3  mm. 

In  Table  VIII  the  yields  of  acid  per  kilowatt  hour  with  greater 
velocities  are  still  better.  Experiments  149,  150,  1 5 1  and  157 
were  performed  to  confirm  the  results  of  52  and  113,  which  it 
seems  were  due  to  the  small  current  used.  The  results  show 
that  within  certain  limits  the  short  arc  with  strong  current  does 
not  give  as  good  a  result  as  a  longer  arc.  If,  however,  the  gas 
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velocity  becomes  too  great  the  yield  falls  again,  and  in  addition 
the  arc  is  so  unstable  that  it  is  quite  easily  extinguished.  It  is 
evident  that  with  the  high  velocities  it  is  impossible  to  do  without 
the  heating  current.  With  the  passage  of  500  c.c.  to  1,000  c.c. 
of  gas  per  minute  through  the  opening  of  the  anode,  which  was 
about  one  mm.  wide,  it  would  be  impossible  to  prevent  the  cooling 
of  the  adjacent  cathode  if  there  was  no  heating  current  to  such 
an  extent  that  the  arc  would  be  extinguished.  Experiment  66 
was  the  single  one  which  was  carried  out  without  a  heating 
current,  but  the  slight  concentration  obtained  is  not  due  to  this 
fact,  but  to  the  fact  that  not  enough  gas  was  sent  through  the 
apparatus  to  remove  the  original  air. 

Table  IX  comprises  21  experiments  in  which  the  high  yields 
at  high  velocities  are  shown.  The  reason  for  taking  a  pressure 
of  590  mm.  that  the  manometer  was  only  long  enough  to  show 
readings  slightly  above  500  mm.  Experiments  1 14-120  constitute 
a  series  which  were  carried  out  in  rapid  succession,  under  the 
same  conditions,  to  determine  if  as  good  yields  as  those  shown 
in  49  and  50  could  be  again  obtained.  The  results  were  uni¬ 
formly  smaller.  The  reason  for  this  is  that  with  this  gas  ve¬ 
locity  a  small  watt  consumption  would  produce  as  great  a  quantity 
of  nitric  oxide.  In  order  to  establish  this  for  a  certainty,  ex¬ 
periments  152-156  with  a  smaller  watt  consumption  were  made 
and  with  the  favorable  results  as  shown.  Experiments  45-47 
were  made  with  a  platinum  cathode. 

Experiments  1.38-140  were  performed  with  an  iron  cathode  and 
represent  the  result  of  two  and  one-half  days’  work.  The  iron 
electrode — an  ordinary  short  nail — was  oxidized  at  its  end  in 
an  oxygen  flame.  It  was  then  fixed  in  the  end  of  one  of  the 
copper  conductors,  but  no  heating  current  could  be  used.  In 
order  to  make  the  arc  the  nail  was  brought  as  close  as  possible 
to  the  anode,  while  between  the  electrodes  there  was  a  potential 
difference  of  600  volts.  A  vacuum  of  16-20  mm.  was  required 
to  start  the  arc,  which  as  it  burned  became  longer  till  it  was 
extinguished.  Various  methods  were  tried  to  start  the  arc  but 
that  which  was  used  for  the  three  successful  experiments  con¬ 
sisted  in  winding  a  short  piece  of  fine  wire  around  the  nail  and 
allowing  the  wire  to  touch  the  anode.  This  wire  would  eventually 
melt  as  the  pressure  increased  till  finally  the  arc  burned  between 
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the  nail  and  the  anode.  By  a  comparison  of  experiments  140 
and  no  it  is  seen  that  the  yields  with  the  same  gas  velocity  i> 
about  the  same,  though  the  percentage  is  appreciably  higher  with 
the  iron. 

Another  manometer  was  used  for  the  experiments  in  Table  X. 
With  a  water  suction  pump,  at  these  higher  pressures,  a  velocity 
greater  than  a  liter  per  minute  could  not  be  obtained.  In  ex¬ 
periments  1 22- 1 24  the  cathode  was  a  Nernst  filament  through 
which  a  platinum  wire  had  been  drawn.  The  Nernst  filament 
was  moistened  with  a  few  drops  of  calcium  nitrate.  Number 
128  was  performed  without  any  heating  current,  but  a  higher 
voltage  was  necessary  to  prevent  the  extinguishing  of  the  arc. 

Since  with  pipettes  of  500  c.c.  capacity  the  product  of  the  action 
of  about  a  half  a  minute  only  was  obtained,  requiring  3  or  4  c.c. 
of  the  barium  hydrate  solution,  it  will  be  seen  that  a  slight  titra¬ 
tion  error  might  give  results  considerably  too  high.  It  was  ac¬ 
cordingly  considered  advisable  to  lead  the  gas  through  a  glass 
spiral  that  was  cooled  with  liquid  air  so  as  to  condense  the 
product  obtained  in  from  five  to  ten  minutes.  In  order  to  give 
the  nitric  oxide  a  sufficient  time  to  be  oxidized  before  it  entered 
the  cooling  tube,  a  pipette  of  two  liters  capacity  was  inserted 
between  the  arc  chamber  and  the  spiral.  There  must  then  be 
sufficient  N02  present  to  ensure  the  formation  of  N2Os  since 
any  unchanged  NO  would  be  lost  on  account  of  the  vapor  pressure 
of  the  NO  being  too  great  to  permit  its  being  completely  liquified 
at  the  temperature  of  liquid  air. 

Fig.  5  shows  the  arrangement  of  the  apparatus  for  these 
special  experiments :  “A”  is  the  mixing  chamber,  “B”  is  the  cool¬ 
ing  spiral  in  the  liquid  air  vessel,  and  “C”  is  a  pipette  of  500 
c.c.  capacity  which  was  inserted  between  the  liquifier  and  the 
pump.  This  latter  was  for  the  purpose  of  determining  if  any 
solid  N203  was  blown  through  the  apparatus,  or  if  any  NO  had 
not  been  oxidized.  In  the  perpendicular  glass  tube  that  formed 
one  end  of  the  cooling  spiral,  glass  wool  was  inserted  for  a 
length  of  about  10  cm.  in  order  to  catch  any  traces  of  N203  in 
the  form  of  dust  or  cloud.  The  arc  was  ignited  at  low  pressure, 
the  taps  so  arranged  that  the  air  passed  through  the  apparatus  at 
gradually  increasing  pressure  directly  to  the  pump  without  pass¬ 
ing  through  the  condenser.  Having  obtained  the  required  ve- 
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locity  of  a  liter  per  minute,  the  condenser  was  slowly  lowered 
into  the  liquid  air,  the  time  required  being  about  five  seconds. 
At  the  moment  that  the  spiral  was  immersed  in  the  liquid  air. 
the  time,  the  readings  of  the  ammeter  and  voltmeter,  as  well  as 
that  of  the  gas  meter  were  taken.  In  about  five  minutes  the  taps 
of  the  liquifier  were  closed  and  the  pipette  “C”  closed  while  the 
time  and  the  readings  of  the  instruments  were  again  taken.  In 
order  to  determine  the  yield  per  kilowatt  hour  it  was  only  neces¬ 
sary  to  take  the  reading  of  the  electrical  instruments  and  know 
the  duration  of  the  experiment.  In  order  to  find  the  per  cent, 
nitric  oxide,  the  quantity  of  air  that  enters  must  also  be  obtained 
from  the  gas  meter.  On  removing  the  spiral  from  the  liquid  air 


some  bright  blue  solid  N2Os  was  seen  in  the  glass  wool  as  well 
as  in  the  upper  turns  of  the  spiral.  In  order  to  determine  the 
nitric  oxide  the  cooling  spiral  was  disconnected  at  the  rubber 
connection  and  one  end  connected  with  a  pipette  that  had  been 
evacuated  with  the  water  pump  but  not  dried.  The  tap  between 
the  glass  spiral  and  the  pipette  was  opened  so  that  when  the 
N203  had  melted  and  vaporized,  it  was  mostly  driven  into  the 
pipette.  In  order  to  remove  the  last  traces  of  the  gas  from  the 
liquifier  the  free  end  of  the  latter  was  connected  with  a  drying 
tower  containing  sulphuric  acid  and  a  soda-lime  tube.  On  open¬ 
ing  the  tap  between  the  condenser  and  the  drying  apparatus  the 
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air  entered  and  swept  the  last  traces  of  gas  into  the  pipette. 
That  end  of  the  still  partially  evacuated  pipette  that  had  been 
connected  with  the  condenser  was  dipped  in  water  and  the  tap 
opened  till  about  75  to  100  c.c.  of  water  had  entered.  After 
shaking  for  a  couple  of  hours  on  the  machine  the  solution  was 
titrated. 

The  results  shown  in  Table  XI  are  in  such  good  accord  with 
those  obtained  by  direct  collecting  of  the  gas  that  there  can  be 
no  doubt  as  to  their  accuracy.  A  comparison  with  the  results 
of  Table  IX  shows  that  the  results  are  almost  the  same  for  the 
same  velocities. 

RESULTS. 

The  following  conclusions  can  be  drawn  from  the  experiments 
as  given  in  the  preceding  tables : 

Higher  concentrations  of  nitric  oxide  were  obtained  by  taking 
the  gas  directly  from  the  arc. 

The  highest  concentrations  were  obtained  at  pressures  be¬ 
tween  300  and  500  mm.  by  sucking  the  gas  out  of  the  arc  through 
a  cooled  anode. 

Small  gas  velocities  are  favorable  to  high  concentrations,  and 
great  velocities  to  high  yields  per  killowatt  hour. 

For  every  gas  velocity  there  is  a  maximum  concentration 
possible  so  that  an  increase  of  the  current  strength  above  that 
necessary  for  this  concentration  results  only  in  a  decrease  in  the 
yield  per  kilowatt  hour. 

The  best  yields  per  kilowatt  hour  are  obtainable  at  high 
pressures. 

The  highest  cncentration  obtained  was  9.7  per  cent,  and  the 
highest  yield  was  92  mg.  per  kilowatt  hour. 

University  of  Toronto, 

October,  1908. 


DISCUSSION. 

Mr.  AueErton  L.  Cushman:  Was  there  any  variation  in  the 
moisture  content  of  the  gases  that  were  passed  through  the  arc? 
I  understand  that  they  have  arrangements  for  determining  this, 
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and  I  believe  it  was  observed  that  the  amount  of  moisture  content 
in  gases  affected  the  results  in  such  experiments. 

Mr.  Mordfn  :  No  changes  were  made ;  the  experiments  were 
all  made  under  the  same  conditions,  with  dry  air,  and  no  experi¬ 
ments  were  made  to  see  what  would  be  the  effect  if  moisture  were 
introduced. 

Mr.  Mordfn  :  No  changes  were  made ;  the  experiments  were 
influence  of  the  portion  of  the  arc  upon  the  composition  of  the 
gas,  that  is,  the  portion  of  the  arc  from  which  the  gases  were 
removed?  Did  it  vary,  and  if  so,  how  much?  Was  there  any 
sort  of  curve  drawn  showing  the  composition  of  the  gases,  as 
removed  from  different  portions  of  the  arc,  under  otherwise 
the  same  conditions? 

Mr.  Mordfn  :  No.  The  arcs  were  from  three  to  six  milli¬ 
meters,  probably  four  millimeter  lengths  were  the  average. 

Mr.  Lidbury:  Under  those  circumstances  it  would  be  rather 
difficult.  In  the  case  of  arcs  of  any  considerable  length  I  think 
very  interesting  results  would  be  obtained.  Such  measurements 
in  the  case  of  spark  discharges  in  gas  at  low  pressure  give  some 
very  interesting  results. 

Mr.  Mordfn  :  Muthmann  &  Hofer  and  Brode  carried  out  some 
experiments  of  that  kind,  and  Brode  has  given  names  to  the 
three  different  parts  of  the  arc:  One  the  zone  in  which  nitric 
oxide  is  formed,  another  in  which  there  is  a  decomposition  of 
the  ozone  and  the  other  in  which  decomposition  of  the  nitric 
oxide  takes  place.  These  are  flaming  arcs,  and  it  is  possible  in 
these  to  determine  the  composition  of  the  different  parts,  but  you 
cannot  do  it  with  these  short  arcs. 

Mr.  -  L.  F.  Guttman  :  Have  you  noticed  any  effects  on  the 
rubber  connections,  and  is  there  any  effect  on  the  rubber  which 
would  be  lost  at  larger  velocities? 

Mr.  Mordfn  :  A  rubber  tube  having  been  used  for  six  months 
showed  no  indication  of  any  action.  We  brought  the  ends  of 
the  glass  tubes  in  contact,  and  this,  of  course,  exposed  only  a 
very  small  surface  of  the  connecting  rubber  tube. 
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THE  THEORY  OF  ELECTROLYTIC  PAINTS. 

By  Wilder  D.  Bancroft. 

If  one  reads  the  articles  that  have  been  written  on  the  electro¬ 
lytic  production  of  paints  and  especially  on  the  electrolytic  produc¬ 
tion  of  white  lead,  one  is  struck  by  the  fact  that  most  of  the  time 
has  been  spent  in  trying  to  make  a  product  which  will  have  the 
proper  chemical  composition  while  there  is  very  little  which  bears 
directly  on  the  covering  quality  of  the  paint  or  on  the  amount  of 
oil  which  it  absorbs.  Since  white  lead  is  a  definite  chemical  com¬ 
pound,1  the  problem  of  making  a  white  lead  of  the  proper  compo¬ 
sition  seems  to  a  man  who  has  never  done  it  about  as  foolish  a 
matter  as  wrestling  with  the  problem  of  how  to  make  sodium 
chloride  or  copper  sulphate  of  constant  composition.  So  far  as  I 
can  see,  anybody  can  do  it.  Even  if  it  were  difficult,  which  I 
don’t  admit,  it  is  not  very  important  because  the  real  problem  is 
to  make  paint  and  not  chemical  compounds.  The  so-called  physi¬ 
cal  properties  of  white  lead  or  of  other  paints  are  the  important 
things  and  those  are  the  points  in  which  the  electrolytic  pigments 
are  unsatisfactory.  As  far  as  that  goes,  our  whole  knowledge  of 
the  subject  is  meagre,  to  say  the  least.  White  lead,  made  by  the 
old  Dutch  process,  is  apparently  the  standard ;  but  I  have  never 
been  able  to  find  any  satisfactory  statement  why  this  process  gives 
the  best  paint.  While  I  am  not  prepared  to  say  that  the  electro¬ 
lytic  manufacture  of  white  lead  or  other  pigments  will  ever  be  a 
commercial  success,  I  am  certain  that  the  first  need  is  to  study 
how  the  so-called  physical  properties  vary  with  the  conditions  of 
the  formation. 

In  a  small  way,  we  have  been  trying  to  study  this  problem 
recently  at  Cornell.  We  have  not  got  very  far  as  yet,  and  I 

1  Hawley,  Jour.  Phys.  Chem.,  10,  654  (1906). 
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have  not  much  in  the  way  of  results  to  lay  before  you ;  but  it 
seemed  to  me  worth  while  to  call  your  attention  to  this  important 
field  because  it  is  one  that  has  been  neglected  as  far  as  published 
results  are  concerned. 

So  far  we  have  considered  -only  the  size  of  the  crystal  in 
our  work,  and  we  have  studied  the  chemical  precipitation  of  lead 
chromate  and  the  electrolytic  precipitation  of  so-called  cuprous 
oxide.  The  work  on  the  lead  chromate  was  done  a  few  years 
ago  by  Mr.  E.  E.  Free,  and  that  on  the  cuprous  oxide  last  spring 
by  Mr.  D.  Miller.  The  paragraphs  in  quotation  marks  refer 
to  Mr.  Free’s  paper,  which  will  probably  be  published  in  the 
February  number  of  the  Journal  of  Physical  Chemistry. 

“A  molecular  solution  of  Pb(NOs)2  was  prepared  by  dissolving- 
331  grams  of  the  crystalline  salt  in  a  liter  of  distilled  water;  500 
cc  of  this  solution  were  than  -diluted  to  one  liter,  500  cc  of  the 
resultant  solution  again  diluted  to  one  liter,  and  this  process 
repeated  until  a  series  of  fifteen  solutions  was  obtained,  each 
member  of  which  had  a  concentration  equal  to  one-half  that  of 
the  preceding  member.  A  similar  series  of  solutions  of  Iv2Cr04 
was  then  prepared,  starting  with  a  molecular  solution  (194.5 
grams  per  liter).  Thus  the  solutions  of  corresponding  number 
in  the  two  series  were  chemically  equivalent,  the  most  concen¬ 
trated  being  molecular,  and  the  most  dilute  M/ 16384. 

“Preliminary  tests  showed  that  the  manner  of  mixing  the 
solutions  in  making  a  precipitation  had  much  influence  on  the 
character  of  the  precipitate  produced — probably  because  of  con¬ 
centration  changes  occasioned  by  incomplete  mixing.  This 
trouble  was  partially  avoided  by  the  following  method  of  precipi¬ 
tation  :  Fifty  cc  of  one  of  the  solutions  were  placed  in  a  200 
c.c.  beaker  and  stirred  vigorously  by  means  of  an  electrically 
operated  stirrer,  while  50  cc  of  the  equivalent  solution  of  the 
other  series  were  added  in  a  slow  stream.  The  mixture  was  then 
stirred  for  exactly  five  minutes,  then  taken  out  and  the  character 
of  the  precipitate  examined.  The  same  50  cc  pipette  was  used 
in  all  cases  to  measure  the  solutions. 

“Accidental  and  irregular  variations  in  the  precipitate  are 
not  by  any  means  entirely  avoided  by  this  method  of  precipita¬ 
tion,  but  the  results  are  much  more  uniform  than  by  the  ordinary 
method  of  pouring  the  solutions  together.  For  precipitations 
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at  temperatures  above  that  of  the  room,  the  beaker  in  which  the 
precipitation  was  made  was  immersed  in  a  dish  containing  water 
at  the  desired  temperature.  It  seemed,  on  trial,  that  it  made  no 
constant  difference  in  the  character  of  the  resulting  precipitates 
whether  the  chromate  solution  was  poured  in  the  lead  solution, 
or  vice-versa;  consequently  the  former  order  was  adopted  in  all 
cases.  The  precipitates  were  examined  by  the  eye  for  color  and 
state  of  aggregation  (coarseness),  comparison  being  made  at 
different  concentrations.  Sedimentation  tests  were  made  by  di¬ 
luting  the  precipitates  with  their  mother-liquor  until  all  contained 
the  same  quantity  of  precipitate  in  unit  volume,  and  observing 
the  rate  at  which  these  mixtures  settled  when  placed  in  test 
tubes.  All  of  these  methods  of  comparison  gave  more  or  less 
erratic  results,  which  were  probably  due  in  part  to  faults  in  the 
method,  and  in  part  to  accidental  variations  in  conditions.  By 
far  the  most  reliable  indications  were  given  by  the  microscope, 
and  the  best  method  of  observation  was  found  to  be  as  follows : 
A  small  drop  of  the  precipitate  and  mother  liquor  were  placed 
on  a  slide,  covered  with  a  cover  glass,  and  the  latter  rubbed 
round  a  little  to  break  up  the  aggregates  of  the  crystals.  The 
most  important  parts  of  the  slide  were  then  observed  with  a 
magnification  of  1 100  diameters  and  the  average  size  of  the 
crystals  determined  by  means  of  a  micrometer  eye-piece. 

“The  precipitates  were  subject  to  very  great  irregularities. 
Two  precipitates  prepared  as  nearly  as  possible  in  the  same 
manner  will  differ  materially  in  color,  crystal  size,  tendency  to 
flocculate,  etc.  These  variations  are  undoubtedly  due  to  un¬ 
controlled  differences  in  the  manner  of  precipitation,  although 
what  these  differences  may  be  it  is  impossible  to  say  from  the 
knowledge  at  present  available.  It  must  be  understood,  of  course, 
that  all  the  variations  in  the  precipitates  are  only  relative.  All 
the  precipitates  are  yellow ;  all  of  them  are  composed  of  very  fine 
particles.  In  fact,  all  have  the  characteristic  properties  of  pre¬ 
cipitated  PbCr04.  The  differences  appear  only  on  close  examina¬ 
tion. 

“It  is  believed  that  all  the  precipitates  are  crystalline,  although 
in  a  few  cases  it  was  impossible  to  detect  individual  crystals. 
In  most  cases  the  precipitate  appears  under  the  microscope  as  a 
mass  of  interwoven  needle-like  prisms,  which  are  very  easily 
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broken  up  into  short  prismatic  fragments.  The  crystal  angles 
could  not  be  determined.  The  smalled  fragments  almost  in¬ 
variably  showed  strong  Brownian  movements  when  suspended 
in  water.  Apparently  in  all  cases  lead  chromate  is  first  formed 
in  colloidal  solution  and  then  precipitated,  the  rate  of  precipitation 
increasing  with  the  concentration,  i.  e.}  the  amount  of  the  elec¬ 
trolyte  (KNOs)  in  the  solution.  In  very  dilute  solutions  lead 
chromate  remains  in  colloidal  solution  for  several  days.  The 
rapidity  of  precipitation  is  much  hastened  by  heating. 

“Series  of  precipitations  from  solutions  of  varied  concentra¬ 
tions  were  made  at  about  20°  and  at  90 0  C.  From  solutions  of 
the  same  concentration  the  precipitates  thrown  down  at  the 
higher  temperatures  were  uniformly  darker  in  color,  and  almost 
uniformly  composed  of  larger  crystals.  The  exceptions  to  this 
latter  rule  were  found  only  in  the  higher  concentrations,  where 
the  crystals  were  so  small  that  accurate  measurements  became 
practically  impossible.  The  precipitates  thrown  down  at  90° 
were  much  more  uniform  in  character  and  apparently  much  less 
subject  to  the  influence  of  accidental  variations  than  were  those 
made  at  200.” 

“The  effect  of  the  concentration  of  the  precipitating  solutions 
on  the  size  of  the  precipitated  crystals  was  followed  by  measuring 
under  the  microscope  a  series  of  precipitates  produced  [at  900] 
as  already  described.  In  each  case  there  was  noted :  ( 1 )  the 

length  of  the  longest  crystals  in  the  preparation;  (2)  the  length 
of  the  shortest  crystals  (excluding  broken  crsytals  where  possi¬ 
ble)  ;  (3)  the  length  which  seemed  to  be  approached  most  nearly 
by  the  largest  number  of  crystals2.  These  three  lengths  are  desig¬ 
nated  as  the  ‘maximum/  ‘minimum’  and  ‘normal’  respectively. 
It  is  believed  that  the  normal  length  is  at  least  a  moderately  exact 
index  of  the  prevailing  crystal  size  of  the  precipitate.  The  meas¬ 
urements  are  given  in  Table  I. 


2  Not  necessarily  the  average  length. 
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Table  I. 


Effect  of  concentration  of  precipitating  solutions  on  the  crystal 
size  of  the  precipitate. 


Concentration 
in  Gram  Molecules 
per  Liter 

Length  of  Crystal  in  Thousandths  of  a  Millimeter 

Maximum 

Minimum 

Normal 

I 

4.8 

0.8 

2.1 

1/2 

4.8 

1.6 

2.4 

1/4 

3-2 

0.5 

1.8 

1/8 

2.4 

0.4 

1.2 

1/16 

1.6 

0.4 

1.2 

1/32 

4.0 

1.2 

1.9 

1/64 

4.0 

1.2 

1-9 

1/128 

4.0 

1.6 

2-4 

1/256 

12.8 

1.6 

6.4 

1/512 

6.4 

1.6 

3-2 

1/1024 

16.0 

3-2 

9.6 

1/2048 

24.0 

6.4 

12.8 

1  /4096 

57-6 

4.8 

16.0 

1/8192 

24.0 

6.4 

12.8 

1/16384 

24.0 

8.0 

12.8 

“These  measurements,  of  course,  apply  only  to  the  length  of 
the  crystals,  that  being  the  dimension  susceptible  to  most  ac¬ 
curate  measurement.  Rough  measurements  of  width,  and  of  area 
covered  in  the  microscopic  field,  show  general  agreement  with 
those  made  on  length. 

“In  spite  of  considerable  irregularities  in  the  results,  there  is 
as  might  be  expected  an  unmistakable  tendency  for  the  size  of  the 
crystal  to  rise  with  decrease  of  concentration.  This  increase  of 
the  crystal  size  with  decrease  of  concentration  is  in  a  general  way 
a  matter  of  common  knowledge,  and  goes  hand  in  hand  with  the 
well-known  tendency,  which  was  also  observed  in  these  ex¬ 
periments,  for  dilute  solutions  to  require  a  much  longer  time  for 
complete  precipitation  than  do  concentrated  ones. 

“A  series  of  precipitates  was  prepared  as  above  except  that  to 
each  solution  there  had  been  added  sufficient  white  glue  (in 
solution)  to  make  a  concentration  of  10  grams  per  liter.  These 
precipitates  differed  from  the  former  ones  mainly  in  the  slowness 
with  which  they  were  formed.  Precipitates  were  formed  imme¬ 
diately  only  in  the  most  concentrated  solutions,  and  in  the  solu¬ 
tions  more  dilute  than  M/36  no  solid  precipitate  was  formed  at 
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all.  The  solutions  simply  turned  yellow  and  opalescent,  remain¬ 
ing  thus  for  several  months.  The  retarding  action  of  the  glue 
is  less  marked  the  higher  the  temperature  of  precipitation.  The 
precipitates  from  solutions  containing  glue  are  always  composed 
of  finer  particles  than  those  from  ordinary  solutions  of  corres¬ 
ponding  concentration.  In  general  the  color  is  lighter.” 

The  general  results  of  Mr.  Free’s  experiments  on  the  precipi¬ 
tation  of  lead  chromate  were  summed  up  by  himself  as  follows : 

(1)  The  largest  crystals  are  obtained  in  hot  and  dilute  solu¬ 
tions. 

(2)  The  precipitates  from  the  most  concentrated  and  most 
dilute  solutions  are  lighter  in  color  than  those  from  the  inter¬ 
mediate  solutions. 

(3)  Glue  retards  precipitation  and  causes  the  formation  of 
smaller  crystals. 

The  first  and  third  of  these  conclusions  are,  of  course,  not 
new.  They  have  been  known  qualitatively  for  years.  There 
were  no  quantitative  measurements  however,  and  in  any  case  it 
seemed  necessary  to  have  a  series  of  experiments  made  under 
as  nearly  comparable  conditions  as  possible.  It  might  have 
been  better  to  have  added  potassium  nitrate  to  each  solution  in 
such  quantities  that  the  total  concentration  of  potassium  nitrate, 
after  mixing,  would  have  been  constant  throughout.  This  was 
a  refinement  which  occurred  to  us,  but  which  we  did  not  have  time 
to  carry  out. 

The  second  conclusion  was  unexpected,  that  the  precipitates 
from  the  most  concentrated  and  the  most  dilute  solutions  should 
be  lighter  than  those  from  the  intermediate  solutions.  This 
shows  that  the  color  of  the  precipitated  lead  chromate  does  not 
depend  entirely  on  the  size  of  the  crystal.  It  is  probable  that 
an  infinitesimal  change  in  the  composition  of  the  precipitate  is 
also  a  factor,  though  this  point  calls  for  further  study.  In  the 
work  that  has  been  done  in  my  laboratory  on  the  electrolytic 
corrosion  of  metals  in  salt  solutions,  it  has  always  been  found 
that  the  solution  became  alkaline  in  time,  showing  the  carrying 
down  of  traces  of  acid  by  the  precipitate. 

In  Mr.  Miller’s  work  experiments  were  made  to  see  how  the 
size  of  the  precipitate  varied  when  formed  by  what  we  call  an 
electrolytic  method.  Cuprous  oxide  was  taken  as  the  pigment 
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to  be  studied  because  it  was  known  that  the  color  varied  very 
much  with  the  conditions  of  precipitations.  When  a  cold  sodium 
chloride  solution  is  electrolyzed  between  copper  electrodes,  the 
resulting  cuprous  chloride  and  sodium  hydroxide  react  to  form 
sodium  chloride  and  an  orange  precipitate  of  cuprous  hydroxide. 
If  the  same  process  is  carried  out  on  hot,  the  precipitate  is  the 
red  cuprous  oxide.  Of  course,  looked  at  in  one  way,  this  is 
merely  a  chemical  precipitation  resulting  from  the  reaction  of 
dilute  cuprous  chloride  and  dilute  caustic  soda  in  the  presence 
of  a  large  excess  of  sodium  chloride.  Since  the  reacting  sub¬ 
stances  are  generated  electrolytically,  it  is  rather  quibbling  not 
to  call  this  the  electrolytic  production  of  cuprous  oxide  or  cuprous 
hydroxide. 

Experiments  were  made  with  varying  current  densities  and 
varying  concentrations  of  sodium  chloride  at  temperatures  be¬ 
tween  6o°  and  ioo°.  The  most  obvious  result  of  the  experiments 
was  the  surprising  variation  in  the  color  of  the  precipitates  from 
yellow,  through  brown,  to  deep  red.  For  a  while  we  were  as 
pleased  as  Punch  over  this.  To  make  sure  that  the  light  colored 
precipitates  at  6o°  were  really  cuprous  oxide  and  not  hydroxide, 
they  were  heated  for  a  while  to  ioo°.  Since  there  was  no  change 
of  color,  and  since  light  colored  precipitates  were  obtained  at 
ioo°  when  gelatine  was  added  to  the  solution,  it  seemed  reason¬ 
ably  certain  that  the  precipitates  were  all  cuprous  oxide  and  that 
the  variations  in  color  were  due  to  differences  in  physical  state. 
Unfortunately  the  analyses  made  by  Mr.  Gillett  did  not  bear  out 
this  view.  The  precipitates  varied  in  composition  all  the  way 
from  Cu2(OH)2  to  Cu20.  They  are  probably  a  continuous  series 
of  solid  solutions;  but  this  point  has  not  yet  been  established 
definitely  and  is,  after  all,  immaterial  for  our  present  purposes. 
There  are,  however,  some  curious  equilibrium  relations,  or  rather 
lack  of  equilibrium  relations,  which  I  hope  to  straighten  out 
some  day. 

Ignoring  the  composition  of  the  apparently  homogeneous  pre¬ 
cipitate,  and  considering  only  the  size  of  the  particles,  it  was 
found  that  they  were  larger  the  higher  the  temperature  and  the 
lower  the  current  density.  In  other  words,  high  temperature  and 
dilute  solutions  give  the  coarser  particles  just  as  Mr.  Free  found 
with  the  purely  chemical  precipitation  of  lead  chromate.  The 
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effect  due  to  the  concentration  of  the  sodium  chloride  was  very 
slight  indeed,  and  is  probably  to  be  attributed  to  the  increased 
solubility  of  cuprous  hydroxide  in  the  more  concentrated  sodium 
chloride  solution  resulting  in  a  slower  precipitation  and  a  coarser 
structure.  Addition  of  gelatine  decreased  the  size  of  the  particles 
very  much. 

Since  it  is  possible  to  vary  the  coarseness  of  a  precipitate  over 
quite  a  range,  there  was  one  experiment  on  which  I  had  hoped 
to  report  this  year.  Through  circumstances  over  which  I  had 
no  control,  the  work  was  not  finished  during  the  summer,  and 
all  I  can  do  now  is  to  point  out  what  might  have  been.  Suppose 
we  take  a  coarse  and  a  fine  lead  hydroxide  and  a  coarse  and  a 
fine  lead  carbonate.  Then  suppose  we  combine  these  in  all 
possible  ways  to  form  white  lead,  Pb02H2,  2PbC03.  On  paper 
we  shall  have  four  different  white  leads  and  a  comparison  of 
the  densities,  covering  powers  and  oil  absorptions  of  these  four 
precipitates,  with  the  corresponding  values  for  white  lead  made 
by  the  old  Dutch  process  should  give  us  some  valuable  informa¬ 
tion  as  to  what  must  be  done  next. 

Cornell  University. 


Discussion  opened  by  A.  F.  Ganz  at  the  V 

Fourteenth  General  Meeting  of  the 
American  Electrochemical  Society,  Oc¬ 
tober  30,  1908;  President  E.  G.  Ache- 
son  in  the  Chair. 


THE  CORROSION  OF  IRON, 

General  Discussion  Opened  by  Professor  A.  P.  Ganz . 

Professor  Ganz:  Mr.  President  and  members  of  the  society: 
When  your  Secretary  invited  me  some  weeks  ago  to  open  a 
general  discussion  on  the  subject  of  Corrosion  of  Underground 
Structures,  he  stated  in  his  letter  that  the  electrochemists  could 
probably  help  us  in  the  solution  of  our  electrolysis  problems ; 
coming  as  this  does  from  an  authority  on  electrochemistry,  I 
felt  that  this  was  very  encouraging,  and  I  was  glad  to  accept  the 
invitation. 

For  some  time  past  I  have  devoted  some  time  to  the  study 
of  the  causes  and  prevention  of  corrosion  of  underground  struc¬ 
tures,  particularly  from  the  effects  of  electrolysis  caused  by 
stray  electric  currents.  In  this  work  I  have  met  a  number  of 
problems  which  I  believe  can  be  solved  by  the  electrochemist, 
and  I  feel  that  the  best  possible  way  for  me  to  open  this  subject 
before  you  this  afternoon  will  be  to  present  to  you  a  number 
of  these  problems  in  order  to  bring  out  the  points  which  the 
electrical  engineer  meets  when  he  is  called  upon  to  examine  an 
underground  metallic  structure  for  its  electrolytic  condition,  and, 
when  a  dangerous  condition  is  found,  to  recommend  remedial 
measures.  Before  putting  these  questions,  however,  I  want  to 
say  a  few  words  by  way  of  introduction. 

The  corrosion  of  underground  metal  structures  may  be  divided 
into  two  general  classes ;  first,  corrosion  due  to  purely  chemical 
causes  or  ordinary  rusting;  second,  corrosion  due  to  electrolysis 
from  stray  electric  currents.  Whether  or  not  all  chemical  cor¬ 
rosion  is  also  electrolytic  in  its  nature  does  not  alter  this  division 
from  the  standpoint  of  the  engineer. 

I  am  particularly  interested  in  the  second  division  of  corrosion, 
namely,  that  caused  by  stray  electric  currents.  When  an  elec- 
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trical  engineer  is  called  upon  to  make  an  electrolytic  investigation 
of,  say,  a  piping  system,  he  may  have  two  distinctly  separate 
problems  to  solve.  The  first  problem  is  to  determine  the  electrical 
condition  of  the  underground  system,  that  is,  the  potential  at 
various  parts  of  the  system  with  reference  to  the  surrounding 
ground  and  with  reference  to  other  underground  metal ;  he  must 
also  determine  the  current  flowing  on  the  underground  structure, 
and  locate  the  points  where  this  current  leaves  the  structure  for 
ground,  because  at  these  points  corrosion  may  develop.  If  in 
this  investigation  he  does  find  that  the  system  is  in  electrolytic 
danger,  then  his  second  problem  is  to  recommend  some  method 
whereby  the  danger  can  be  substantially  removed;  and  that  at 
a  reasonable  cost,  for  this  is  always  an  important  element. 

In  regard  to  suitable  methods  for  making  such  electrolytic 
tests,  we  have  obtained  considerable  help  from  a  well  known 
German  electrochemist,  Dr.  Haber,  of  Karlsruhe,  who  has  de¬ 
vised  an  earth  ampere  meter  and  a  non-polarizable  electrode  for 
measuring  earth  currents  and  earth  potentials.  I  see,  however, 
Dr.  Sharp’s  name  on  the  program  for  a  paper  on  the  subject  of 
“Correct  Methods  of  Measuring  Stray  Currents,”  and  I  know 
Dr.  Sharp  well  enough  to  be  certain  that  he  will  fully  cover  this 
part  of  the  subject,  so  I  will  pass  it  over. 

I  cannot  resist  the  temptation,  however,  to  call  attention  again 
to  one  wholly  incorrect  method  which  has  been  used  in  this 
country  in  a  certain  class  of  electrolysis  reports,  in  which  the 
potential  differences  are  measured  between  pipe  and  rail,  and  the 
earth  resistances  are  measured  between  the  same  points,  or,  to  be 
more  correct,  a  resistance  is  measured  between  the  pipe  and  rail 
which  is  called  the  earth  resistance  between  these  two.  This 
resistance  is  then  divided  into  the  potential  difference,  and  the 
current  so  calculated  is  stated  to  be  the  current  flowing  between 
the  pipe  and  rails.  This  is  repeated  for,  say,  every  block  of  a 
given  street,  and  these  currents  are  added  up  and  the  total 
current  is  stated  in  all  seriousness  to  be  the  current  which  flows 
in  that  street  between  the  pipe  and  rail.  The  absurdity  of  this 
method  will  be  clear  to  you  all,  and  I  hope  that  every  member  of 
this  society  will  expose  such  fallacious  methods  at  every  oppor¬ 
tunity  because  this  class  of  reports  has  done  a  great  deal  of  harm 
in  causing  unnecessary  alarm. 
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A  great  many  reliable  and  accurate  tests  of  stray  currents 
have,  however,  been  made,  both  in  this  country  and  in  Europe ; 
the  results  which  have  been  published  show  that  underground 
metallic  structures  which  are  continuous,  as,  for  instance,  most 
gas  and  water  piping  systems,  do  carry  considerable  stray  cur¬ 
rents  where  they  are  in  the  vicinity  of  single  trolley  electric 
railroads,  and  in  many  cases  also  where  they  are  many  miles  from 
any  electric  railroad.  These  piping  systems  generally  pick  up 
current  over  an  extended  negative  area  and  deliver  this  current 
to  ground  over  comparatively  small  positive  areas,  producing 
thereby  high  current  densities  where  the  current  leaves  the  pipe, 
causing  corresponding  rapid  corrosion. 

The  question  has  often  been  asked  whether  the  steel  founda¬ 
tions  of  bridges  and  buildings  which  are  usually  imbedded  in 
concrete  are  also  suffering  from  corrosion  due  to  these  stray 
railway  currents.  I  do  not  believe  that  we  have  enough  real  ex¬ 
perience  to  answer  this  question  positively.  These  steel  under¬ 
ground  foundations  do  not  have,  however,  the  same  opportunity 
of  picking  up  currents  over  an  extended  area  and  delivering  it 
from  small  areas  at  a  high  current  density  as  have  continuous 
piping  systems.  Such  structures  ordinarily  can  be  affected  only 
by  current  which  passes  through  the  ground  in  the  path  of 
which  these  structures  lie.  There  is  one  case,  however,  that 
occurs  to  me  where  such  structures  would  certainly  be  in  serious 
danger.  Suppose,  for  instance,  we  have  a  pipe  in  metallic  con¬ 
tact  with  such  a  structure,  as  is  sometimes  the  case.  If  this 
pipe  is  carrying  current,  and  is  positive  to  the  surrounding 
ground,  a  current  picked  up  over  an  extended  negative  area  may 
be  delivered  to  this  underground  foundation  structure  and  leave 
it  at  a  high  current  density  producing  corresponding  electrolytic 
corrosion.  I  believe  that  in  a  number  of  instances  special  pre¬ 
cautions  have  been  taken  to  insulate  the  steel  foundations  of 
structures  from  piping  systems,  and  it  seems  to  me  that  this 
would  be  a  safe  precaution  to  take  in  all  cases. 

The  question  of  the  maximum  allowable  potential  difference 
between  rails  and  pipes,  and  of  the  maximum  allowable  current  in 
the  pipe,  which  will  not  produce  appreciable  electrolytic  corro¬ 
sion,  is  one  that  has  frequently  come  up,  and  in  some  cases 
municipal  ordinances  have  been  put  into  effect  limiting  either 
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these  potential  differences,  or  currents,  or  both.  The  old  notion 
that  a  minimum  potential  difference  of  1.5  volts  is  required  be¬ 
tween  two  iron  underground  structures  before  electrolytic  action 
can  take  place  has  long  been  exploded.  Nevertheless  we  see 
occasionally  the  statement  in  electrolysis  reports  that  where  the 
potential  difference  is  less  than  1.5  volts  there  can  be  no  elec¬ 
trolysis  from  stray  currents. 

Where  dangerous  electrolytic  conditions  in  an  underground 
system  are  found,  the  second  problem  that  the  electrical  engineer 
has  to  meet  is  to  recommend  proper  preventative  measures  which 
will  not  be  prohibitive  in  cost.  It  is  in  this  that  I  believe  that 
the  electrical  engineer  can  get  the  most  help  from  the  electro¬ 
chemist. 

The  natural  solution  is,  of  course,  to  remove  the  cause  of  the 
trouble,  that  is,  to  get  the  electric  railroads  to  take  care  of  their 
own  currents.  Those  of  you  who  have  actually  tried  to  do  this 
know  that  for  many  practical  reasons  this  is  not  always  possible. 
The  electric  railroad  may  not  be  willing  or  may  not  be  able  to 
make  the  necessary  expenditures,  and  the  business  relations  be¬ 
tween  the  parties  concerned  may  be  such  that  they  do  not  wish  to 
compel  the  railroad  company  to  do  this;  we  therefore  must 
frequently  face  the  problem  independently  and  see  whether  there 
is  anything  we  can  do  to  our  piping  and  other  underground 
metallic  systems  to  effectively  protect  them  froffi  electrolytic 
corrosion  caused  by  these  stray  electric  railway  currents. 

If  the  underground  metal  system  is  continuous  it  may  be 
connected  to  the  negative  return  system  of  the  electric  railroad. 
This  is,  however,  a  method  which  invariably  greatly  increases 
the  current  flow  on  the  system  and  produces  other  dangers,  as, 
for  instance,  at  a  high  resistance  point,  which  may  develop  in 
a  joint;  here  the  current  may  shunt  around  such  a  high  resistance 
point  and  produce  corrosion.  The  greatest  objection,  however, 
lies  in  the  danger  that  such  a  bonded  system  constitutes  to  all 
other  underground  metal  systems.  If  we  connect  one  piping 
system  to  the  negative  bus  bar,  we  render  it  highly  negative  to 
all  other  underground  metallic  structures  and  induce  current  to 
flow  to  this  piping  system ;  such  a  bonded  piping  system  becomes, 
in  fact,  a  part  of  the  trolley  return  circuit,  and  the  owner  becomes 
a  party  to  any  damage  that  may  result  in  the  other  underground 
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systems.  I  firmly  believe  that  only  such  methods  should  be  used 
which  substantially  prevent  the  stray  current  from  flowing  to 
and  from  the  underground  structures. 

I  will  now  put  to  you  five  questions  which  embody  the  points 
that  I  want  to  present  for  general  discussion. 

Question  No.  1. — This  relates  to  the  activity  or  passivity  of 
iron  in  street  soils.  Are  the  conditions  of  street  soils  such  that 
all  underground  iron  may  be  considered  as  in  the  active  state, 
so  that  we  can  correctly  estimate  the  weight  of  iron  corroded 
by  a  given  current  leaving  such  iron  for  ground,  on  the  usual 
basis  of  20  pounds  of  iron  per  ampere-year?  Or  do  actual 
cases  arise  in  practice  where  the  ground  conditions  are  such  that 
iron  in  the  ground  is  in  the  passive  state,  so  that  any  amount  of 
current  can  leave  the  iron  without  producing  corrosion? 

Prof.  Haber,  of  Karlsruhe,  who  has  investigated  this  question 
in  European  cities,  concludes  that  under  the  ordinary  soil  con¬ 
ditions  iron  is  always  in  the  active  state,  and  that  the  passive  state 
does  not  exist  in  the  underground  iron  structures.  I  would 
like  to  know  whether  any  of  the  electrochemists  present  have 
any  knowledge  or  experience  in  regard  to  this.  I  would  like  to 
know  if  there  is  anything  we  can  do  to  render  active  iron  passive. 
Someone  has  suggested  to  cover  an  underground  pipe  with  lime 
for  that  purpose.  Is  there  any  practical  way  in  which  we  can 
render  our  pipes  permanently  passive  and  protect  them  in  that 
way  from  electrolytic  corrosion? 

Question  No.  2. — This  relates  to  means  for  identifying  the 
causes  which  have  produced  a  given  corrosion.  As  a  practical 
example  of  this  I  have  a  piece  of  pipe  here  which  was  sent  to 
me  from  one  of  the  cities  in  the  northern  part  of  New  York 
State,  which  is  somewhat  corroded ;  as  you  see,  the  pipe  is  prac¬ 
tically  riddled  with  holes.  This  was  a  cast  iron  gas  pipe.  This 
sample  of  pipe  was  sent  to  me  and  the  question  asked  whether 
the  corrosion  was  due  to  electrolysis  from  stray  currents,  or 
whether  it  was  ordinary  rusting.  I  have  another  piece  of  pipe 
here,  which  is  a  wrought  iron  pipe,  not  quite  as  badly  corroded, 
but  which  also  shows  decided  pittings ;  the  question  here  is,  also, 
whether  this  pitting  was  caused  by  electrolysis  from  stray  cur¬ 
rents,  or  by  ordinary  rusting.  I  do  not  know  of  any  way  that 
would  enable  me  to  decide  these  questions.  If  any  electro-chemist 
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here  can  describe  some  physical  or  chemical  test  which  we  can 
apply  to  a  corroded  pipe  which  will  determine  whether  a  given 
corrosion  or  pitting  was  caused  by  electrolysis  from  stray  cur¬ 
rents,  or  by  ordinary  rusting,  he  will  help  us  greatly. 

I  have  noticed  some  recent  cases  where  a  large  amount  of 
steel  pipe  which  has  been  in  the  ground  many  years  was  examined 
and  which  in  a  great  number  of  cases  was  found  to  be  pitted. 
When  this  pipe  was  uncovered,  scraped  off  with  a  wire  brush, 
and  washed  off,  the  bottom  surfaces  of  the  pitting  had  a  clean, 
bright  metallic  luster.  I  have  seen  other  cases  of  pitted  steel 
pipe  where  the  interior  of  the  pitting  was  full  of  rust,  and  when 
washed  out  these  did  not  look  clean  and  bright,  but  were  decidedly 
rusty.  I  would  like  to  know  whether  either  of  these  appear¬ 
ances  is  characteristic  of  any  particular  kind  of  corrosion.  I 
would  also  like  to  put  this  question :  Suppose  we  find  a  pipe  in 
the  ground  which  is  corroded  and  pitted,  and  also  find  by  elec¬ 
trical  tests  that  current  is  leaving  the  pipe  in  this  vicinity,  can. 
we  take  that  as  positive  evidence  that  the  corrosion  was  caused 
by  electrolysis  from  this  current? 

I  have  also  some  samples  of  corroded  lead  cable.  Here  are 
two  pieces  which  were  sent  to  me  to  say  whether  the  corrosion 
was  caused  by  electrolysis  from  stray  currents,  or  by  ordinary 
chemical  corrosion.  I  do  not  know  whether  there  is  anything 
about  the  corrosion  and  pitting  of  a  piece  of  lead  caused  by 
electrolysis  from  stray  current  which  differentiates  it  from  ordi¬ 
nary  corrosion,  and  would  also  like  to  hear  of  some  method  of 
identification. 

Question  No.  y. — Can  we  protect  an  underground  metal 
structure,  such  as  a  piping  system,  by  coating  it  with  an  insulating 
material  in  such  a  way  as  to  prevent  current  from  entering  or 
leaving  the  structure?  A  great  many  attempts  have  been  made 
to  protect  pipes  by  painting  them,  by  covering  them  with  tar, 
and  by  wrapping  them  with  cloth,  as  well  as  coating  with  pitch 
or  tar,  etc.,  but  in  every  case  that  I  have  any  knowledge  of  these 
methods  have  failed  to  protect  the  pipe  where  stray  electric 
currents  were  leaving  the  pipe. 

I  have  seen  one  case,  where  a  steel  pipe  was  covered  with 
a  thin  layer  of  some  tar  compound,  which  appeared  perfect  when 
examined  through  an  ordinary  reading  glass ;  when  this  coating 
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was  scraped  off,  considerable  force  had  to  be  applied,  showing 
that  the  coating  had  adhered  to  the  steel,  and  yet,  when  the  steel 
was  scraped  clear,  deep  pittings  were  found  in  the  steel  under 
this  coating.  In  this  case  the  pipe  was  lying  in  wet  ground,  and 
stray  current  had  also  been  leaving  this  pipe.  The  question  is : 
Was  the  failure  to  protect  due  to  imperfections  in  this  covering 
which  could  not  be  seen,  or  did  the  corroding  action  of  the 
electric  current  go  on  directly  through  the  protecting  covering? 

I  have  recently  suggested  a  plan  for  protecting  a  special  pipe 
from  electrolysis  caused  by  stray  currents  by  boxing  the  pipe  so 
as  to  leave,  say,  one  inch  clear  around  the  pipe  and  then  pouring 
in  between  the  box  and  the  pipe  some  material  like  asphaltum,  of 
a  grade  that  will  not  set  too  hard,  but  will  remain  somewhat 
flexible  when  it  has  set.  I  would  like  to  get  the  opinion  of  the 
electrochemists  as  to  the  probable  success  of  such  a  coating,  as¬ 
suming  it  to  be  physically  intact.  I  am  informed  that  a  similar 
method  has  been  occasionally  used,  and  that  in  some  cases  it  ap¬ 
pears  to  protect  the  pipe,  while  in  other  cases  it  is  reported  to 
have  failed.  The  failure  may,  however,  have  been  due  to  me¬ 
chanical  defects.  This  method  is,  of  course,  very  expensive, 
and  in  most  cases  probably  prohibitively  expensive. 

One  important  question  comes  to  my  mind  in  this  connection. 
Let  us  assume  that  we  have  an  iron  pipe  which  has  been  in  the 
ground  for  some  years,  and  where  corrosion  has  already  started 
all  over  the  pipe.  Suppose  we  scrape  the  pipe  off  as  well  as  we 
can  with  a  wire  brush  and  then  imbed  it  in  one  inch  of  as¬ 
phaltum.  Can  the  corrosion  which  has  started  continue  under 
this  coating?  Is  it  necessary  to  first  thoroughly  remove  all  of 
the  oxide  coating,  or  to  paint  the  pipe  in  any  way  before  imbed¬ 
ding  it  in  the  asphaltum? 

You  probably  know  that  it  has  been  attempted  to  use  concrete 
to  protect  pipes.  I  know  of  one  case  where  a  pipe  was  boxed, 
leaving  from  four  to  five  inches  between  pipe  and  box,  and  this 
space  was  filled  with  concrete ;  this  pipe  was  in  a  location  where 
currents  were  leaving  the  pipe,  and  where  previously  there  had 
been  considerable  electrolytic  action.  It  was  found  that  the 
corrosion  went  on  even  more  rapidly  with  the  pipe  imbedded  in 
concrete  than  before,  and  the  pipe  was  destroyed  in  a  compara¬ 
tively  short  time.  When  the  box  was  broken  open,  the  iron  pipe 
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was  found  to  be  completely  destroyed,  and  the  rust  had  pene¬ 
trated  more  than  an  inch  into  the  contrete.  If  I  am  correctly 
informed,  steel,  when  imbedded  in  concrete  and  placed  under 
water  or  in  ground,  is  protected  from  ordinary  chemical  corro¬ 
sion.  Why  is  it  not  protected  from  electrolytic  corrosion?  Is 
there  anything  that  we  can  do  to  the  concrete  so  that  it  will 
protect  the  pipe  and  prevent  electrolytic  corrosion? 

Question  No.  4. — Can  we  practically  break  up  the  continuity 
of  an  underground  metal  system,  such  as  a  piping  system,  by 
the  use  of  insulated  joints,  so  as  to  make  it  substantially  safe 
from  electrolytic  corrosion,  and  what  is  the  maximum  allowable 
length  of  the  insulated  sections  under  ordinary  conditions?  Or 
what  is  the  maximum  allowable  potential  differences  across  an 
insulated  joint  in  an  underground  metal  system? 

Question  No.  5. — What  is  a  safe  density  of  current  per  square 
foot  of  pipe  surface  leaving  for  ground  which  will  not  produce 
substantial  corrosion?  I  have  set  this  figure  tentatively  some¬ 
where  between  one  and  ten  milliamperes  per  square  foot  of 
pipe  surface,  based  on  the  following  calculation :  One  cubic  foot 
of  iron  weighs,  roughly,  480  pounds ;  a  piece  of  iron  one  square 
foot  in  section  and  one  inch  thick  will  weigh  40  pounds ;  the 
thickness  of  a  sheet  or  iron  one  square  foot  in  section,  which  will 
weigh  one  pound,  is  0.025  or  1/40  of  an  inch.  On  the  basis  of 
one  ampere  year  corroding  20  pounds  of  iron,  one  milliampere 
will  corrode  0.02  of  a  pound  of  iron  in  one  year.  If  this  milii- 
ampere  of  current  is  uniformly  distributed  over  the  surface,  it 
will  corrode  in  one  year  a  thickness  of  0.02  X  0.025  =  0.0005 
inch  of  iron,  and  under  these  conditions  it  would  take  200  years 
to  corrode  through  a  thickness  of  one-tenth  of  an  inch  or  iron. 
But  we  know  from  experience  that  current  does  not  generally 
leave  a  pipe  surface  uniformly,  but  from  localized  portions  pro¬ 
ducing  pittings.  Suppose,  therefore,  that  this  assumed  current 
leaves  from  10  per  cent,  of  the  pipe  surface ;  on  this  basis  one 
milliampere  from  one  square  foot  of  pipe  surface  would  produce 
pittings  which  would  have  an  average  depth  of  0.005  inch  i*1 
one  year,  and  it  would  take  20  years  to  produce  pittings  one-tenth 
of  an  inch  deep. 

This  ends  my  list  of  questions,  and  I  hope  that  the  discussion 
to  follow  will  bring  out  answers  which  will  help  us  in  our  elec¬ 
trolysis  problems. 
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DISCUSSION 

Mr.  Aeeerton  L.  Cushman  :  I  think  Prof.  Ganz’s  address 
brings  out  very  emphatically  a  great  need  that  is  before  the  scien¬ 
tific  world  to-day,  the  question  of  nomenclature — the  question  of 
being  able  to  define  what  we  mean  when  we  speak  of  electrolysis. 

Since  I  have  been  devoting  a  considerable  amount  of  time  to 
the  studying  of  this  subject,  I  have  been  brought  into  contact  and 
into  correspondence  with  a  great  many  people  all  over  the  world, 
and  I  find  that  it  is  rare  that  men  mean  the  same  thing  when  they 
refer  to  electrolysis. 

Now,  Prof.  Ganz  has  spoken  to  us  to-day  of  the  difference  be¬ 
tween  electrolytic  action  and  ordinary  commercial  corrosion. 
That,  to  my  mind,  is  a  distinction  without  a  difference.  I  do  not 
recognize  any  form  of  corrosion  of  any  metal  which  is  not  in  its 
true  sense  electrolytic  corrosion. 

Now,  stray  currents,  such  as  have  been  described  to  us  here 
to-day,  most  undoubtedly  are  responsible  for  some  special  cases 
of  trouble  noticed  in  great  cities,  in  the  vicinity  of  street  railways 
and  conduits  that  carry  high  potential  electric  currents,  but  if 
this  sort  of  corrosion  was  confined  to  these  localities,  we  could 
then  indeed  point  to  a  case  like  this  and  say  it  is  a  true  case  of 
electrolytic  corrosion,  but  it  is  not  so  confined.  There  was  within 
the  past  two  weeks  towed  in  from  Cape  Hatteras  one  of  the 
United  States  Government  light  ships.  It  had  to  be  towed  in  af- 
‘  ter  inspection  in  a  great  hurry  to  keep  the  ship  from  sinking. 
When  it  was  gotten  to  Baltimore  it  was  found  to  be  pretty  gen¬ 
erally  corroded  in  just  this  sort  of  way.  It  was  possible  with  an 
ordinary  pocket  knife  to  take  rivets  and  bolts  out  of  the  plates 
It  was  possible  with  an  ordinary  penknife  to  whittle  away  the 
surface  of  the  plate. 

I  cannot  understand  that  there  should  be  stray  currents  floating 
around  in  the  Atlantic  ocean.  I  am  willing  to  repeat  that  stray 
currents  in  the  neighborhood  of  these  high  potential  electric  con¬ 
duits  have  much  to  do  with  the  ordinary  electrolytic  effect,  but 
I  do  not  believe  they  are  responsible  in  themselves  for  the  great 
amount  of  damage  that  is  being  done  to  iron  and  steel  all  over  the 
world  from  corrosion.  If  one  were  to  bury  a  pipe  line  like  that 
out  on  the  middle  of  our  Dakota  prairies  it  would  suffer  from 
corrosion  in  precisely  the  same  way.  In  the  course  of  time  it 
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would  be  very  deeply  indented  and  rusted  at  certain  points,  which 
would  finally  give  way.  I  do  not  say  that  in  the  middle  of  the 
Dakota  prairie  that  that  action  would  go  on  as  rapidly  as  it  does 
in  the  City  of  New  York,  but  I  do  say  that  the  same  action  would 
go  on,  and  it  is  surprising,  and  every  one  who  has  had  any  ex¬ 
perience  with  pipe  lines  knows  that  they  go  to  pieces  with  sur- 
.  prising  rapidity  in  localities  where  it  is  impossible  to  suppose 
that  there  are  any  stray  currents  wandering  about. 

So,  then,  I  repeat  most  emphatically  that  we  need  to  revise  our 
nomenclature.  When  I  speak  of  electrolytic  corrosion,  I  do  not 
mean  the  corrosion  which  is  carried  on  by  a  stray  current  follow¬ 
ing  a  pipe  and  leaving  it  at  some  particular  point.  I  mean  the 
underlying  and  fundamental  action  in  corrosion,  in  general,  by 
electrolytic  effect.  The  engineers,  however,  are  apt  to  overlook 
that  and  to  speak  of  electrolysis  and  corrosion  as  being  a  matter 
entirely  of  stray  currents,  and  if  a  distinctive  name  could  be 
brought  out  to  distinguish  these  two  kinds  of  electrolysis  that 
go  on,  it  would  certainly  help  us  and  do  away  with  a  great  many 
of  our  differences  of  opinion  which  occur  sometimes  because  we 
do  not  understand  exactly  what  is  being  referred  to. 

Mr.  Maximiddian  Toch  :  I  cannot  answer  all  the  questions 
which  have  been  asked,  because  I  do  not  know  how  to  answer 
them  all,  and  some  of  the  questions  I  cannot  answer  now,  because 
they  are  taken  up  in  my  paper,  which  is  No.  10,  but  two  or  three 
of  the  points  the  gentleman  has  brought  out  I  am  more  or  less 
familiar  with,  but  before  I  touch  on  them,  I  desire  to  corroborate 
what  Dr.  Cushman  said  with  reference  to  the  corrosion  of  these 
pipes.  As  far  as  I  am  concerned,  it  is  settled  in  my  mind  that  all 
corrosion  is  an  electrolytic  function.  That  is  the  fundamental 
basis  of  it.  I  do  believe  that  stray  electric  currents  aggravate 
that  corrosion,  and  that  corrosion  in  the  City  of  New  York  will  go 
on  faster  than  it  would  on  the  Dakota  plains.  I  question  whether 
there  would  be  any  dispute  on  that  point. 

Prof.  Ganz  has  asked  with  reference  to  gas  pipe  coated  with 
asphaltum,  and  what  the  result  would  be.  There  was  such  an 
experiment  made  unintentionally  by  a  natural  gas  company,  who 
built  a  pipe  line  from  Peoria  to  Chicago,  and  coated  it  to  the  best 
of  my  knowledge  and  information  with  asphalt  about  a  quarter 
of  an  inch  on  the  inside,  and  half  an  inch  on  the  outside.  The 
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man  who  had  coated  the  pipe  was  not  aware  of  the  fact  that  fuel 
gas  is  a  powerful  solvent  for  all  bituminous  compounds,  and  in 
a  very  short  time  the  entire  pipe  was  so  clogged  up  with  the  dis¬ 
solving  bitumen  and  bituminous  compounds  that  it  became  use¬ 
less,  so  that  bitumen  or  asphalt  or  tar  should  be  excluded  from 
the  interior  of  a  gas  pipe. 

The  second  question  is  why  concrete  does  not  preserve  steel 
against  so-called  electrolytic  corrosion,  and  I  will  say  that  ques¬ 
tion  was  answered  two  or  three  years  ago  by  my  paper  which  I 
presented,  and  I  believe  that  Prof.  Bancroft  still  has  my  original 
exhibit  showing  the  various  brickettes  of  cement,  starting  from 
neat  cement  up  to  i,  3  and  5,  with  pieces  of  steel  bedded  in  the 
cement,  and  these  pieces  charged,  by  means  of  a  direct  current  of 
known  strength,  under  certain  acid  and  alkaline  and  aqueous  con¬ 
ditions.  I  think  I  demonstrated  there  that  the  so-called  chemical 
corrosion  or  inhibition  of  the  corrosion  by  means  of  concrete,  can¬ 
not  be  avoided  where  certain  laws  of  pressure  obtain. 

The  third  question  which  I  want  to  bring  up  is  the  question  of 
the  pipes,  which  Prof.  Ganz  has  mentioned,  and  he  asks  whether 
a  commercial  method  cannot  be  devised  for  coating  a  gas  pipe  to 
prevent  corrosion,  and  it  is  quite  evident  that  Prof.  Ganz  has  not 
had  much  to  do  with  public  corporations — it  strikes  me,  no  mat¬ 
ter  what  system  you  would  devise  for  such  an  effect,  if  it  costs 
any  more  than  about  a  mill  per  running  foot  the  corporations  will 
not  accept  it,  because  the  sum  total  would  be  many  thousands  of 
dollars  for  several  hundred  miles  of  piping.  If  public  corpora¬ 
tions  would  undertake  to  pay  a  reasonable  figure,  I  have  no 
doubt  methods  could  be  invented  for  employing  simple  checks 
against  corrosion,  but  on  that  matter  I  will  speak  when  my  paper 
comes  up. 

ProR.  Ganz  :  I  would  like  to  reply  to  Dr.  Cushman.  Some¬ 
time  ago  I  read  Dr.  Cushman’s  classical  paper  on  “The  Corrosion 
of  Iron”  with  very  great  interest  and  I  thoroughly  appreciate 
that  all  corrosion  may  correctly  ..be  considered  as  electrolytic  in  its 
nature.  The  classification  which  I  made  in  my  remarks  was  not 
intended  to  be  a  distinction  between  chemical  corrosion  and  elec¬ 
trolytic  corrosion,  but  a  distinction  between  corrosion  produced 
by  local  causes  without  the  influence  of  external  electric  currents, 
and  corrosion  produced  by  external  electric  currents.  This  is 
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an  important  engineering  problem  as  the  following  instance  which 
I  have  met  in  my  practice  will  illustrate.  A  long  pipe  line  passes 
the  power  station  of  an  electric  trolley  road  and  for  a  distance  of 
say  a  mile  to  each  side  of  the  station  serious  corrosion  of  the  pipe 
takes  place,  producing  leaks  in  the  pipe  at  some  point  within  the 
section  nearly  every  year  and  requiring  the  replacement  of  the 
leaking  pipe ;  when  this  pipe  is  removed  it  is  found  to  be  full  of 
pits.  The  rest  of  the  pipe  line  further  away  from  the  power  sta¬ 
tion  remains  intact  without  giving  trouble  for  25  years.  Electri¬ 
cal  tests  show  that  in  the  section  adjacent  to  the  power  house  cur¬ 
rent  is  leaving  the  pipe  for  ground  while  in  the  distant  sections 
current  passes  from  ground  to  pipe.  I  think  Dr.  Cushman  will 
have  to  admit  that  the  engineer  can  conclude  that  the  destruction 
of  the  pipe  in  the  vicinity  of  the  power  house  was  directly  caused 
by  stray  currents  from  this  power  house. 

Dr.  Cushman  :  I  do  admit  it. 

Proe.  Ganz  :  That  is  the  problem  we  have  to  face.  Mr.  Toch 
suggested  that  I  may  not  have  had  experience  with  municipal  au¬ 
thorities  and  perhaps  I  have  not  had  as  much  experience  as  Mr. 
Toch.  Beside  municipal  owners  there  are  however  many  private 
corporations  owning  considerable  underground  piping  systems 
which  are  extremely  important  and  valuable  which  must  be  pro¬ 
tected  from  the  destructive  effects  of  stray  railway  currents. 

Mr.  Care  Hering  :  I  have  been  very  much  interested  in  Prof. 
Ganz’s  statement  of  the  case,  and  I  hope  it  will  lead  to  some  re¬ 
sults,  because  there  is  certainly  room  for  a  great  deal  of  good 
work  to  be  done  in  the  prevention  of  electrolysis  by  stray  currents. 
One  of  the  questions  he  asked  is — can  current  leave  the  pipe  with¬ 
out  corrosion  ?  I  would  like  very  much  to  hear  that  question  dis¬ 
cussed.  It  seems  to  me  it  could  be  answered  negatively,  that  is, 
that  current  cannot  leave  the  pipe  for  the  soil  (if  the  only  con¬ 
ductors  in  the  soil  are  liquids),  without  causing  corrosion.  If  I 
am  mistaken  in  this,  I  should  like  very  much  to  be  corrected. 

There  is  one  method  by  which  corrosion  of  a  pipe  might  per¬ 
haps  be  protected.  I  mentioned  it  some  years  ago  before  this  So¬ 
ciety.  If  a  block  of  zinc  is  buried  in  the  ground  and  attached  to 
the  pipe  metalically,  a  current  in  that  pipe  would  prefer  to  leave 
through  the  zinc  than  through  the  pipe,  because  it  takes  less  volt¬ 
age  ;  the  zinc  sucks  the  current  out  so  to  speak ;  and  as  long  as 
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there  is  zinc  left  the  pipe  would  be  protected  from  corrosion ;  the 
zinc  can  readily  be  replaced  after  it  is  consumed.  If  the  cur¬ 
rent  is  very  large,  the  cost  of  the  zinc  may  be  quite  great.  For 
expensive  parts  like  motors,  valves,  special  joints,  the  expense 
may  be  warranted. 

As  to  coating  pipes  to  prevent  corrosion,  it  seems  to  me  that 
while  it  may  prevent  electrolytic  corrosion  by  stray  currents 
where  it  keeps  the  electrolyte  from  coming  into  contact  with  the 
pipe,  yet  these  coatings  are  very  apt  to  be  injured  in  spots,  which 
means  that  the  corrosion,  instead  of  being  spread  over  a  large 
surface,  will  be  condensed  on  small  parts,  and  will  therefore  do  all 
the  more  damage,  because  when  condensed  on  a  small  area  a  cur¬ 
rent  will  eat  through  the  pipe  in  shorter  time. 

Prof.  Ganz  asks  what  current  density  is  a  safe  limit ;  by  current 
density,  I  presume  he  meant  the  current  density  of  the  current 
leaving  the  pipe  for  the  soil.  I  think  that  should  be  answered 
negatively;  that  is,  no  current  density  leaving  the  pipe  is  safe,  be 
cause  you  never  know  whether  it  is  going  to  leave  from  that  area 
or  be  confined  to  a  few  small  spots.  If  we  were  sure  it  would 
leave  all  over  the  surface  of  the  pipe  evenly,  as  might  be  the  case 
if  the  pipe  were  laid  through  salt  water,  then  there  might  be  a  safe 
limit,  such  as  Prof.  Ganz  calculated,  but  in  ordinary  soil  it  does 
not  leave  in  that  way,  but  leaves  where  it  meets  the  least  resis¬ 
tance,  which  is  likely  to  be  in  spots. 

I  agree  with  Dr.  Cushman  that  we  should  distinguish  between 
the  corrosion  by  stray  current  and  corrosion  by  what  may  be 
called  local  currents.  What  Pro!.  Ganz  referred  to  I  understood 
to  mean  corrosion  by  stray  currents  as  distinguished  from  cor¬ 
rosion  by  local  currents,  due  to  impurities  in  the  iron  itself. 

It  has  often  been  said  that  certain  corrosions  could  not  have 
been  electrolytic,  because  the  pipe  was  located  too  far  from  any 
electric  current.  It  seems  to  me  that  it  is  very  unsafe  to  say  this. 
A  current  will  travel  a  long  way,  if  the  resistance  is  low.  If  we 
have  a  large  body  of  water,  such  as  the  water  under  the  ground, 
it  seems  to  me  current  may  travel  many  miles,  and  that  it  is  not 
correct,  therefore,  to  say  that  because  a  pipe  was  far  away  from 
the  nearest  trolley  line,  that  therefore  the  corrosion  could  not  pos¬ 
sibly  have  been  electrolytic  by  stray  currents. 

I  have  noticed  cases  in  which  when  a  pipe  was  in  danger  at  a 
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certain  place,  it  was  “protected”  at  that  place,  and  it  was  thought 
that  this  was  sufficient.  Now,  it  seems  to  me  that  is  very  incorrect 
reasoning,  as  this  so  called  protection  is  quite  likely  to  shift  the 
danger  point  to  another  place.  I  know  one  case  in  my  experience, 
in  which  a  pipe  ran  underneath  the  trolley  tracks,  crossing  these 
tracks  perpendicularly,  and  it  was  known  to  be  a  point  of  great 
danger ;  the  pipe  was  then  protected  for  a  distance  of  twenty  or 
thirty  feet  under  the  track  by  a  metallic  insulated  casing,  and  it 
was  thought  that  this  would  cure  the  evil ;  but  it  simply  shifted  the 
evil,  as  the  subsequent  corrosion  took  place  at  the  ends  of  the  pro¬ 
tected  section. 

Concerning  the  measuring  of  the  resistance  of  the  ground,  I 
call  attention  to  the  following  experiment:  If  two  plates  are 
placed  in  the  ocean,  say  several  feet  apart,  and  the  resistance  be¬ 
tween  them  measured,  and  if  one  supposes  that  one  has  thereby 
measured  the  resistance  of  the  salt  water  betewen  the  plates,  one  is 
very  much  mistaken,  because  if  the  plates  be  moved  further  apart 
it  is  stated  by  good  authority  that  one  will  get  just  about 
the  same,  value  for  the  resistance,  showing  that  one  is  not  measur¬ 
ing  the  resistance  between  them  at  all,  but  the  resistance  of  practi¬ 
cally  the  whole  ocean. 

C 

A - - - - - - - -B 

D 

Mr.  Richard  H.  Gaines  :  In  the  course  of  his  remarks,  Prof. 
Ganz  stated  that  if  corrosion  occurred  at  D  in  a  pipe  line  running 

from  A  to  B,  and  a  powerhouse  C  was  located  a  few  miles  north 

* 

or  south  of  D.,  we  might  be  sure  that  the  trouble  proceeded  from 
the  powerhouse.  This  does  not  seem  to  me  to  be  necessarily  true- 
In^he  case  of  the  corrosion  of  the  Rochester  Steel  conduit  that  I 
described  at  the  last  Spring  meeting  of  the  Society  in  Albany, 
the  City  of  Rochester,  with  its  car  lines  and  other  industrial 
sources  of  electricity  is  located  several  miles  away  from  the  north¬ 
ern  terminus  of  the  conduit,  which  is  28  miles  in  length.  In  the 
northern  half  of  the  conduit  (nearest  the  city)  the  damage  to  the 
pipe  from  corrosion  has  been  slight  and  confined  to  a  low  wet  area 
less  than  a  mile  in  extent.  Whereas  the  southern  half  of  the  con¬ 
duit,  many  miles  away  from  any  known  commercial  source  of 
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electricity,  has  been  very  badly  damaged,  and  150  rust  leaks  have 
occurred,  yet  no  evidence  of  stray  currents  could  be  detected  in 
the  southern  half  of  the  line,  the  difference  of  potential,  if  any  ex¬ 
isted,  between  the  pipe  and  the  ground  being  too  small  to  be 
measured  with  the  millivoltmeter.  The  greatest  damage  occurred 
in  open  meadow  country,  20  miles  or  more  from  town  or  city. 
The  soil,  however,  was  nearly  saturated  with  water  which  was 
impregnated  with  electrolytes.  The  damage  to  the  pipe  line  has 
already  cost  the  City  of  Rochester  many  thousands  of  dollars. 
There  seemed  to  be  no  other  way  to  account  for  this  very  serious 
case  of  corrosion  than  as  local  electrochemical  action,  and  I  called 
it  autoelectrolysis. 

Mr.  I.  L.  Roberts:  I  wish  in  this  connection  to  make  a  state¬ 
ment  of  an  experiment  that  was  made  about  ten  years  ago, 
something  that  will  interest  you  along  this  line,  not  that  we  suc¬ 
ceeded  in  doing  what  we  attempted  to  do.  Mr.  Edward  M.  Dick¬ 
erson,  the  famous  patent  lawyer,  whom  you  all  know,  tried  some 
experiments  in  wireless  telegraphy  through  sea  water  in  con¬ 
junction  with  myself,  but  we  found  we  had  so  much  natural  elec¬ 
tricity  to  deal  with  that  we  could  not  do  anything  with  the  cur¬ 
rents  we  were  trying  to  use  from  the  storage  battery.  The  ex¬ 
periments  were  conducted  at  Wave  Crest,  Mr.  Dickerson’s  sum¬ 
mer  residence,  with  500  feet  of  No.  8  insulated  wire,  and  we  at¬ 
tached  to  the  ends  of  this  wire,  at  each  end,  a  piece  of  galvanized 
iron  two  feet  square.  We  made  the  connections  with  solder,  the 
same  solder  as  is  used  in  galvanizing,  so  that  we  would  not  have 
any  difference  in  potentiality  between  the  two  electrodes  or  ter¬ 
minals.  Our  idea  was  to  establish  at  another  distant  point  a 
similar  span  of  wire  and  electrodes,  and  see  if  we  could  not,  by 
making  a  direct  current  pass  along  one  set  of  electrodes,  and  by 
working  an  ordinary  telegraph  key,  send  messages  to  the  other 
wire.  When  we  stretched  the  first  one,  and  put  instruments  in 
the  circuit,  we  found  a  strong  current  flowing,  which  flowed  only 
in  one  direction.  It  was  a  strange  thing  that  it  did  not  reverse  at 
any  time.  This  current  was  very  feeble  in  the  forenoon,  but  ip 
the  afternoon  about  four  o’clock  every  day  this  current  would 
rise  something  like  300  per  cent.,  compared  to  what  it  was  in  the 
forenoon.  We  were  unable  to  find  where  these  currents  came 
from,  but  they  always  flowed  in  one  direction.  We  tried  other 
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places  for  our  experiment.  We  took  the  outfit  down  on  Long 
Island  Sound,  to  a  place  quite  a  distance  out  on  the  island,  where 
we  put  in  these  electrodes,  and  we  got  the  same  current  flow,  and 
in  the  same  direction — the  same  perculiarities  were  manifested, 
and  the  current  was  continuous.  In  the  morning,  about  eight 
o’clock,  it  would  show  a  certain  current,  I  have  forgotten  what 
it  was — it  was  considerable  amperage  and  voltage,  more  than  you 
would  suspect.  We  then  reversed  end  for  end  these  devices, 
thinking  that  by  so  doing,  that  there  might  be  some  possible  cur¬ 
rent  which  was  produced  galvanically  by  the  electrodes,  sea  water 
being  the  electrolyte  or  excitement.  We  made  this  change,  but 
it  made  no  difference  whatever,  the  current  flowed  in  the  same 
dirction,  and  at  four  o’clock  in  the  afternoon  it  reached  its  maxi¬ 
mum,  and  fell  off  until  nine  o’clock  at  night,  when  we  ceased  our 
experiments  for  the  day.  We  were  unable  to  determine  what  was 
the  cause,  or  whether  it  took  place  everywhere  along  the  coast  or 
not.  It  is  an  open  question  as  to  whether  it  was  due  to  electricity 
being  transmitted  through  the  water  from  some  distant  genera¬ 
tor,  or  to  some  other  cause. 

This  statement  may  lead  to  some  further  thought  on  the  sub¬ 
ject  of  electrolysis.  As  these  currents  were  found  as  stated,  is 
it  not  possible  if  two  plates  were  buried  a  long  distance  apart  and 
connected  by  insulated  wire  and  an  instrument  was  then  put  in 
the  circuit,  I  believe  you  would  find  some  current  flowing  between 
these  two  electrodes  at  any  point  on  the  earth. 

Prof.  W.  D.  Bancroft:  It  makes  a  difference  whether  we  are 
considering  the  corrosion  of  iron  pipe  or  the  corrosion  of  metals 
in  general.  I  can  cite  one  case  where  the  corrosion  of  a  metal 
under  ordinary  conditions  is  different  from  the  corrosion  when 
you  impress  a  current.  If  you  take  nickel  and  make  it  anode  in  a 
sodium  chloride  solution,  the  nickel  will  dissolve  quantitatively, 
and  you  will  get  ioo  per  cent,  efficiency,  even  with  a  low  current. 
On  the  other  hand,  you  can  put  the  nickel  in  a  sodium  chloride 
solution  and  expose  it  to  the  air  for  any  time  you  please,  and  get 
practically  no  corrosion  whatever.  Mr.  Hering  said  he  would  be 
glad  to  be  told  of  some  cases  where  a  current  could  leave  a  pipe 
without  the  pipe  being  corroded.  If  he  will  take  a  nickel  pipe  in 
a  sodium  sulphate  solution,  he  can  make  it  anode,  and  it  will  not 
corrode. 
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As  regards  the  other  experiment  of  the  extraordinary  resist¬ 
ance  of  the  ocean,  it  is  very  interesting;  but  I  cannot  help  feeling 
that  it  is  fortunate  that  the  ocean  supplies  the  needed  grain  of 
salt. 

ProR.  Ganz:  I  ask  Dr.  Hering  if  he  has  actually  tried  the 
plan  suggested,  of  attaching  the  two  pieces  of  zinc  to  the  pipe.  It 
does  not  seem  to  me  it  can  work,  for  the  reason  that  the  area  of 
the  zinc  exposed  to  the  ground  is  so  small,  and  if  you  take  a 
twleve-inch  pipe  it  has  a  circumference  of  three  feet,  or  three 
thousand  feet  of  surface  per  thousand  running  foot  of  pipe.  I  do 
not  think  you  could  practically  connect  sufficient  zinc  to  lead  the 
current  off  the  pipe  in  that  way. 

Dr.  Hrring:  I  have  not  tried  it  with  a  pipe  in  the  ground,  but 
I  have  tried  it  in  other  ways,  and  find  that  as  long  as  there  is  a 
piece  of  zinc  attached  to  the  iron,  the  current  will  not  pass  out 
of  the  iron.  I  realize  that  the  exposed  surface  of  the  zinc  is  of 
importance.  Of  course,  if  you  have  to  protect  a  large  pipe,  you 
must  use  zinc  in  such  form  as  to  get  a  large  surface,  and  to  see  to 
it  that  the  zinc  is  exposed  to  the  same  moisture  as  the  pipe.  If 
the  zinc  is  placed  in  a  dry  spot  and  the  iron  in  a  wet  spot,  it  would 
not  operate  as  described. 

Mr.  S'.  S.  SadtlRr:  It  seems  to  me  there  is  a  great  deal  of  con¬ 
fusion  among  engineers  when  considering  corrosion,  where  the 
current  leaves  the  pipe.  Lately  a  case  came  to  my  notice,  where 
an  electrical  engineer  said  there  could  not  possibly  be  electrolytic 
corrosion  of  some  lead  cable,  because  the  indications  of  the 
ground  were  not  favorable.  I  asked  whether  he  expected  the  cur¬ 
rent  to  be  leaving  or  entering  the  cable,  and  of  course  he  thought 
of  the  cases  where  iron  pipes  corroded,  and  he  thought  it  was 
the  positive  electrode.  I  said  I  thought  the  trouble  was  because 
the  pipe  was  the  negative  electrode.  I  examined  the  pipe  and 
found  traces  of  sodium  salts,  and  undoubtedly  what  happened,  in 
my  opinion,  was  that  sodium  formed  on  the  lead,  alloyed  with 
it,  and  then  was  chemically  washed  out,  leaving  the  lead  in  a 
spongy  condition.  The  lead  then  soon  gave  way. 

Dr.  Clayton  H.  Sharp  :  The  topic  which  I  am  to  present  to 
you  very  briefly  is  the  correct  method  of  measuring  stray  cur¬ 
rents.  It  is  one  of  a  good  deal  of  importance  in  view  of  the  large 
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values  at  stake,  and  in  which  there  has  been,  as  Prof.  Ganz  has 
already  pointed  out,  considerable  misconception. 

In  order  to  know  whether  a  given  system  of  pipes  or  other  un¬ 
derground  structures  is  in  danger  of  corkosion  due  to  stray  cur¬ 
rents,  we  must  investigate  the  electrical  conditions  of  such  struc¬ 
tures.  Now,  that  is  a  thing  which  is  not  very  easy  to  do.  What 
we  are  chiefly  concerned  in  finding  out  is  this — is  there  at  any 
point  any  considerable  amount  of  electric  current  leaving  the 
pipes?  The  problem  is  stated,  but  it  is  not  so  easily  answered, 
for  the  reason  that  in  general  it  is  not  possible  to  destroy  the  con¬ 
tinuity  of  the  system  of  piping  in  order  to  insert  instruments,  and 
it  is  not  possible  to  insert  instruments  in  the  surrounding  soil 
without  disturbing  the  conditions  as  they  actually  exist  in  prac¬ 
tice. 

The  electrical  instrument  which  is  chiefly  used  in  investigations 
of  this  nature  is  the  voltmeter  or  the  millivoltmeter,  and  this  in¬ 
strument  has,  as  Prof.  Ganz  pointed  out  , sometimes  been  used 
with  very  distressing  and  alarming  results.  However,  we  can 
gain  a  great  deal  of  information  by  the  proper  use  of  the  volt¬ 
meter.  We  can  find  out  the  electrical  condition  of  the  pipe,  and 
when  I  say  the  pipe,  I  mean  anything  of  the  sort  underground, 
with  respect,  we  will  say,  to  the  tracks  of  the  trolley  road. 

We  feel  quite  sure  that  where  the  trolley  line  and  other  struc¬ 
tures  are  positive  in  potential  with  respect  to  the  pipe,  the  pipe 
is  quite  safe.  We  feel  that  where  the  pipe  is  positive. to  other 
structures,  that  it  may  be  in  danger.  We  would  be  wrong  to  con¬ 
clude  that,  because  it  is  so,  that  it  is  actually  in  danger — for  in¬ 
stance,  it  may  be  quite  well  insulated  by  dry  sand  or  gravel,  so 
that  the  discharge  of  electricity  from  the  pipe  to  the  soil  electro- 
lytically  is  prevented. 

Under  these  circumstances,  a  large  voltage,  as  shown  by  the 
voltmeter,  the  pipe  being  positive,  is  not  an  indication  that  the 
pipe  is  in  danger,  and  to  conclude  that  it  is  so  in  danger  is  to  reach 
a  false  conclusion,  and  to  excite  unnecessary  alarm. 

Now,  having  determined  by  the  use  of  the  voltmeter  what  the 
possible  danger  areas  are  on  a  system  of  piping,  the  next  step  is 
to  determine  the  current  flowing  on  the  pipe,  and  especially  the 
the  current  leaving  the  pipe.  To  determine  the  current  flowing, 
the  most  satisfactory  method  would  be  to  interrupt  the  electrical 


THE  CORROSION  OE  IRON. 


169 


continuity  of  the  pipe  by  inserting  an  insulating  joint,  and  then 
by  spanning  that  joint  with  wires  passing  through  an  ammeter, 
to  measure  the  current  directly.  This,  however,  is  often  not 
feasible.  We  must  consequently  employ  indirect  methods  for 
measuring  the  current.  The  principle  one  is  by  means  of  the  fall 
of  potential  on  the  pipe.  Electrical  connections  are  made  at  two 
points  on  a  single  length  of  pipe  to  a  sensitive  low  reading  volt¬ 
meter,  preferably  one  of  high  internal  resistance,  and  the  indica¬ 
tions  of  this  voltmeter  or  millivoltmeter  are  read  over  a  sufficient 
period  of  time  to  show  what  the  average  condition  of  the  pipe  is. 
Then,  if  we  know  the  resistance  per  unit  length  of  pipe,  it  is  pos¬ 
sible  to  interpret  these  millivolt  readings  in  terms  of  amperes  of 
current  flowing  on  the  pipe.  The  difficulty  with  this  method  is 
the  determination  of  the  resistance  per  .unit  length  of  pipe.  Now, 
pipes  are  made  in  standard  sizes  and  of  material  which 
varies  a  good  deal,  but  which  has  fairly  fixed  average  values  of 
resistance,  and  since  it  very  often  happens  that  we  are  concerned 
only  with  rather  rough  quantitative  values,  we  may  assume  from 
the  known  dimensions  of  the  pipe,  and  the  known  average  re¬ 
sistance  of  the  material,  the  resistance  of  the  length  of  pipe  with 
which  we  are  dealing,  and  in  this  way  make  our  interpretations  of 
current. 

It  is  possible  sometimes  to  get  at  a  rather  better  value  by  re¬ 
sorting  to  a  procedure  which  consists  in  attaching  to  the  pipe 
heavy  leads,  which  are  brought  and  connected  to  an  ammeter. 
The  potential  difference  between  two  portions  of  the  pipe  close 
to  the  place  where  these  heavy  leads  are  brought  out  is  meas¬ 
ured  when  the  heavy  leads  are  not  connected,  and 
again  when  they  are  connected  through  the  ammeter,  and  at  the 
same  time  the  value  of  the  current,  as  shown  by  the  ammeter  is 
measured.  In  the  second  case,  when  the  ammeter  is  in  circuit,  the 
potential  difference  as  shown  by  the  millivoltmeter  will  be  less 
than  in  the  first  case,  and  the  reduction  of  voltage  due  to  drawing 
a  certain  measured  current  from  the  pipe  gives  an  indication  of 
the  resistance  of  that  length  of  pipe. 

For  instance,  if  we  find  that  by  connecting  the  heavy  leads  we 
reduce  the  potential  difference  between  the  two  points  of  the  pipe 
to  one-half  of  its  former  value,  we  know  that  the  original  current 
flowing  through  the  length  of  pipe  was  twice  what  the  ammeter 
indicated. 
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I  have  said  that  these  millivoltmeter  measurements  should  be 
made  preferably  with  an  instrument  of  high  resistance.  Except 
for  the  rapid  fluctuations  of  voltage  which  occur,  and  fluctuations 
of  current  which  ordinarily  occur,  a  potentiometer  would  be  a 
more  suitable  instrument  to  use.  However,  the  problem  not  only 
involves  the  determination  of  the  current  flowing  on  the  pipe,  but 
more  particularly  the  current  which  is  escaping  from  the  pipe. 
How  shall  we  determine  that.  The  only  way  I  know  of  doing 
that,  without  seriously  disturbing  the  normal  conditions  of  the 
pipe,  is  by  taking  simultaneous  measurements  of  the  current  flow¬ 
ing  on  lengths  of  pipe  separated  from  each  other  by  suitable  dis¬ 
tances.  These  may  be  taken  by  suitable  instruments,  the  obser¬ 
vers  reading  at  the  same  instants,  or  by  sensitive  and  accurate  re¬ 
cording  instruments,  which  are  also  obtainable  suitable  for  this 
purpose.  The  interpretation  of  these  results  will  give  at  least  a 
rough  measure  of  the  current  which  is  leaving  the  pipe  at  points 
between. 

We  can  also  get  some  indications  of  the  probable  escape  of  cur¬ 
rent  from  the  pipe  by  exploring  the  electrical  condition  of  the 
soil  in  its  vicinity.  If  we  start  from  the  pipe,  and  find  a  con¬ 
tinuous  fall  of  potential  as  we  go  from  point  to  point  away  from 
the  pipe,  the  indications  are  that  current  is  flowing  along  such 
lines,  and  that  these  lines  are  stream  lines  of  electricity.  In  mak¬ 
ing  measurements  of  this  kind  it  is  advisable  of  course  to  use  elec¬ 
trodes  not  subject  to  error  due  to  polarization,  that  is  electrodes 
of  zinc  in  zinc-sulphate  solution,  or  similar  electrodes,  and  make 
the  measurements  by  a  method  which  does  not  draw  any  current, 
so  as  to  eliminate  resistance  drop  at  the  point  where  the  electrode 
is  inserted  in  the  soil,  that  is,  some  form  of  potentiometer  is  indi¬ 
cated  as  the  proper  instrument  here. 

Prof.  Harber’s  earth  ammeter,  as  it  is  sometimes  called,  is  also 
used  for  this  purpose.  This  consists  of  two  sheets  of  metal  close 
together  enclosed  in  an  insulating  ring,  and  each  one  in  contact 
with  a  salt  of  the  same  material,  so  they  will  not  polarize.  This 
arrangement  is  inserted  in  the  soil  close  to  the  pipe,  and  is  covered 
with  the  soil  as  nearly  as  possible  in  the  same  condition  as  it  was 
previously  to  the  inserting  of  the  ammeter.  The  plates  are  con¬ 
nected  to  leads  which  come  up  through  the  ground,  connected  to 
an  ammeter,  and  the  ammeter  indicates  the  current  which  would 
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flow  through  the  displaced  cross-section  of  the  soil.  The  insertion 
of  this  earth  ammeter  changes  the  condition  of  the  soil  surround¬ 
ing  the  pipe,  and  the  indications  are  rendered  somewhat  uncertain 
on  account  of  such  alteration  of  conditions  in  the  soil  which  in¬ 
variably  and  inevitably  follows  with  its  use. 

Mr.  Carl  Hiring:  Dr.  Sharp  referred  to  a  method  I  am  in¬ 
terested  in,  namely,  to  shunt  a  piece  of  the  pipe  with  a  low  re¬ 
sistance,  and  then  measure  the  current  in  that  low  resistance,  at 
the  same  time  measuring  the  difference  in  drop.  The  method  is 
an  interesting  one  on  paper.  I  was  interested  in  it  myself  some 
time  ago,  until  I  figured  what  the  necessary  conditions  must  be, 
when  I  found  that,  unless  you  get  very  large  copper  conductors 
and  excellent  connections  with  the  pipe,  it  would  be  almost  impos¬ 
sible  to  carry  it  out,  except  perhaps  for  very  small  pipes.  I  had 
great  hopes  that  this  method  would  help  us  very  much,  but  I  am 
afraid  that  it  is  impracticable. 

Mr.  C.  F.  Burgrss  :  I  should  like  to  hear  Dr.  Sharp  answer 
Mr.  Hering’s  statement. 

Dr.  C.  H.  Sharp:  I  think  I  shall  have  to  agree  with  Dr.  Her* 
ing — it  is  frequently  impracticable  to  carry  it  out.  Sometimes  it 
can  be  done,  but  in  all  this  work  we  have  to  resort  to  methods  that 
fit  the  case  in  hand,  and  we  cannot  always  take  the  one  we  would 
like  to  take.  Very  frequently  the  one  we  think  would  be  the  best 
will  not  work  at  all,  and  the  whole  matter  is  in  a  rather  unsatisfac¬ 
tory  shape,  because  it  is  so  frequently  impossible  to  make  exact 
measurements.  However,  measurements,  even  inexact  ones,  are 
of  the  greatest  value  in  locating  trouble  from  electrolysis.  We 
have  to  be  very  content  often  with  something  which  is  not  as  good 
as  we  would  like  to  have,  but  which  perhaps,  after  all,  is  as  good 
as  the  necessities  of  the  case  require. 

Dr.  Hiring:  Have  you  tried  the  method  of  shunting? 

Dr.  Sharp  :  I  have  tried  it  in  some  cases,  and  found  it  to  work, 
and  in  other  cases  I  have  found  it  impossible  to  work. 

Dr.  Hiring  :  In  what  case  would  it  work  ? 

Dr.  Sharp:  Where  the  resistance  of  the  pipe  is  moderately 
high. 

Mr.  S.  S.  S'adTLRr  (Communicated):  A  similar  occurence  as 
far  as  the  concentration  of  sodium  ions,  due  to  electrolysis  in 
the  earth,  came  to  my  notice  several  years  ago.  The  case  was 
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that  of  a  small  switchboard  that  had  been  placed  on  a  concrete 
foundation  wall  and  a  white  deposit  seemed  to  have  formed  on  it, 
chiefly  about  the  negative  bus  bars  and  caused  a  short  circuit.  I 
diagnosed  the  case  as  that  of  the  deposition  of  sodium  and  the 
formation  of  caustic  soda  and  afterwards  sodium  carbonate  by 
chemical  action.  This  deposit  had  sufficient  conductivity  to  cause 
a  short  circuit. 

A  very  small  percentage  of  sodium  chloride  which  is  always 
present  in  the  earth  can  cause  the  concentration  of  a  very  large 
deposit  of  sodium  ions  and  when  the  water  in  contact  with  the 
improvised  cathode  is  fairly  well  saturated  with  sodium  hydrate, 
metallic  sodium  can  collect.  I  have  been  credibly  informed  that 
several  pounds  of  the  metal  have  been  found  at  such  a  cathode 
surface  underground. 

It  seems  desirable  to  protect  lead  cables  from  being  negative 
poles  more  than  positive. 

Mr.  John  C.  Parker  (Communicated):  In  regard  to  Prof. 
Ganz’s  queries : 

1.  Building  foundations  would  apparently  come  under  this 
head.  These  are  virtually  isolated  and  further  isolated  from  one 
another  than  from  any  main  paths  of  current  likely  to  exist  in 
streets,  so  that  the  at  times  anticipated  dangers  from  electro¬ 
lytic  corrosion  should  not  be  looked  for  in  such  cases. 

3.  Aside  from  technical  possibilities  it  would  seem  to  be  quite 
impracticable  to  do  anything  in  the  way  of  coating.  Could  the 
coating  be  made  absolutely  perfect,  mechanically,  it  might  be  effi¬ 
cacious  but  defects  must,  in  the  nature  of  things,  occur  and  such 
insulation  from  earth  would  appear  to  aggravate  difficulties  rather 
than  to  ameliorate  them,  except  for  the  more  close  localization 
which  renders  repairs  more  easy.  This  may  cover  in  part  the  sug¬ 
gestion  in  No.  1  with  regard  to  the  use  of  lime  and  such  ma¬ 
terials. 

4.  The  breaking  up  of  a  system  by  means  of  insulation  joints 
is  believed  to  be  dangerous  rather  than  otherwise,  as  it  is  always 
the  point  at  which  current  leaves  the  structure  that  is  the  victim 
of  the  most  serious  deterioration.  Were  it  commercially  practi¬ 
cable  to  break  structures  up  into  very  short  lengths  such  a  sys¬ 
tem  of  insulation  might  do  some  good  as  the  total  resistance  of 
structures  could  be  made  sufficiently  high  so  that  no  great  magni- 
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tude  of  current  could  be  carried,  but  this  would  involve  intermin¬ 
able  difficulties  with  extremely  special  forms  of  joints  which 
might  readily  interfere  with  the  practical  operation  of  the  struc¬ 
ture.  Gas,  water  and  steam  distribution  companies  have  tremen¬ 
dous  difficulty  as  it  is  with  joints  of  very  simple  construction  so 
that  not  much  is  to  be  hoped  for  in  the  way  of  frequent  interrup¬ 
tion  of  metallic  continuity. 

Mr.  A.  A.  Knudson  :  I  would  add  one  other  question  to  the 
question  box  which  Mr.  Ganz  presented,  and  perhaps  that  can 
be  attended  to  later  in  the  transactions.  The  question  is  this — I 
have  in  mind  at  the  present  time  two  wrought  iron  water  pipes 
which  are  undergoing  corrosion  probably  from  chemical  pro¬ 
cesses.  These  pipes  run  in  a  creek  partly  submerged.  The  pipes 
are  negative  to  the  soil,  at  that  point.  There  is  a  current  of  elec¬ 
tricity  flowing  through  it,  sometimes  reaching  seventy-five  and 
eighty  amperes.  The  question  I  wish  to  ask  is — will  this  current 
of  electricity  flowing  through  these  pipes  tend  to  assist  the  elec¬ 
trolytic  action  of  corrosion  on  the  surfaces  from  the  chemical 
effect  ? 
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THE  FUNCTION  OF  OXYGEN  IN  THE  CORROSION  OF  METALS. 

By  Wm.  H.  Walker. 

The  electrolytic  theory  of  the  corrosion  of  metals,  from  which 
point  of  view  the  role  played  by  oxygen  may  best  be  discussed, 
has  received  the  endorsement  of  so  many  able  investigators 
working  entirely  independently,  that  further  argument  in  its 
support  would  seem  to  be  unnecessary.  In  volume  two  of  the 
Journal  of  the  Iron  and  Steel  Institute  of  Great  Britain  for  1908, 
however,  there  appears  as  a  report  of  a  Carnegie  Research 
Scholarship  an  article  on  the  Corrosion  of  Iron,  by  J.  Newton 
Friend,  in  which  the  author  proves  to  his  apparent  satisfaction 
that  “the  electrolytic  theory  of  the  corrosion  of  iron  is  untenable.” 
Were  it  not  for  the  authority  which  publications  in  the  Journal 
of  the  Iron  and  Steel  Institute  carry,  this  communication  would 
scarcely  deserve  even  a  passing  notice.  As  shown  later,  the 
reasoning  employed  is  superficial,  and  the  experiments  described 
are  untrustworthy. 

When  a  metal  is  placed  in  water  or  in  an  atmosphere  suffi¬ 
ciently  moist  so  that  a  film  of  water  condenses  on  its  surface, 
the  action  which  may  take  place  is  essentially  one  of  solution. 
Every  metal  has  a  tendency  to  pass  into  water  solution  in  the 
ionic  form,  assuming  a  positive  charge  of  electricity  and  leaving 
the  mental  negatively  charged.  To  maintain  electrostatic  equi¬ 
librium,  an  equivalent  amount  of  positive  electricity  must  leave 
the  solution  by  the  separation  of  hydrogen  ions  from  the  dis¬ 
sociated  water  in  the  form  of  hydrogen  gas,  charging  that  portion 
of  the  metal  on  which  the  hydrogen  separates  positively,  and 
leaving  the  solution  negatively  charged.  An  electrolytic  current 
is  thus  produced  which  is  carried  from  one  point  on  the  iron 
to  the  solution  by  the  escaping  iron  ions,  and  from  the  solution 
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again  to  the  iron  by  the  separating  hydrogen  ions,  and  equilibrium 
again  restored.  The  speed  of  this  reaction  depends,  first,  upon 
the  escaping  tendency  of  the  metal  itself,  measured  by  its  solu¬ 
tion  pressure ;  second,  upon  the  concentration  of  the  hydrogen 
ions,  increasing  as  this  concentration  is  increased ;  third,  upon  the 
ease  with  which  deposited  hydrogen  ions  can  assume  a  gaseous 
state  and  escape  or  be  removed  from  the  metallic  surface. 

The  solution  pressure  of  the  different  metals,  that  is,  their 
tendency  to  assume  an  ionic  form  and  pass  into  solution,  varies 
from  that  shown  by  sodium  or  potassium,  where  this  escaping 
tendency  or  solution  pressure  is  so  great  that  instant  decom¬ 
position  occurs,  to  that  of  platinum  or  gold,  where  we  find  the 
solution  pressure  so  small  that  there  exists  no  tendency  to 
assume  the  ionic  form.  Between  these  two  extremes  we  find 
all  of  the  other  metals,  including  thereunder  the  element  hydro¬ 
gen.  For  the  purpose  of  the  discussion  of  the  electrolytic 
theory  of  corrosion  and  the  part  which  oxygen  plays  therein, 
we  can  separate  the  metals  into  two  divisions,  viz.,  those  which 
have  a  solution  pressure  less  than  hydrogen,  as,  for  example, 
copper,  lead  and  mercury,  and  those  which  have  a  greater  solu¬ 
tion  pressure  than  hydrogen,  such  as  magnesia,  manganese,  zinc 
and  iron.  So  far  as  this  one  factor  is  concerned,  therefore, 
metals  should  be  decomposed  by  water  in  proportion  as  their 
solution  pressure  is  greater  or  less  than  that  of  hydrogen ;  but 
other  factors  enter  into  the  reaction  which  introduce  some  im¬ 
portant  exceptions  to  this  generalization. 

The  second  factor  influencing  the  rate  at  which  a  given  metal 
will  pass  into  solution  in  water  and  thus  itself  be  decomposed, 
is  the  concentration  of  the  hydrogen  ions.  In  consequence  of 
the  positive  charge  which  the  solution  assumes  by  virtue  of  the 
positive  charge  of  the  metallic  ion  which  has  entered  it,  there  is- 
set  up  with  respect  to  the  metal  surface  an  electrolytic  double 
layer  which  arrests  further  progress  of  the  solution.  If  there 
be  present  in  the  solution,  however,  hydrogen  ions,  and  the 
metal  under  discussion  has  a  solution  pressure  greater  than  that 
of  hydrogen,  ionic  hydrogen  will  pass  over  into  the  molecular 
condition,  giving  up  its  positive  charge  to  the  metal,  and  leaving 
the  solution  negatively  charged.  An  electric  current  will  pass, 
thus  breaking  down  the  electrolytic  double  layer  and  produce 
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an  electrostatic  equilibrium  which  enables  then  this  cycle  to  be 
repeated.  The  result  is  that  the  metal  continues  to  pass  into 
solution  and  molecular  hydrogen  continues  to  be  deposited  on  the 
metal  other  than  the  point  at  which  it  is  dissolving.  The  ease 
with  which  the  hydrogen  ions  can  neutralize  or  destroy  this 
electrolytic  double  layer  depends  on  their  concentration,  and 
varies  from  the  case  of  pure  water,  where  the  action  is  ex¬ 
cessively  slow,  to  that  of  a  mineral  acid,  in  which  the  speed 
of  the  reaction  is  so  rapid  that  hydrogen  is  set  free  from  the 
surface  of  the  metal  as  a  stream  of  gas.  Hence  in  the  case  of  a 
metal  in  contact  with  water  any  reagent  which  increases  the 
hydrogen  concentration  will  accelerate  the  corrosion,  while,  on 
the  other  hand,  the  reagent  which  will  decrease  this  hydrogen 
concentration  will  diminish  the  rate  of  corrosion.  Thus  does  the 
electrolytic  theory  of  corrosion  account  for  and  explain  the  in¬ 
creased  solution,  or,  as  we  term  it,  corrosion  of  the  metal  by 
such  materials  as  are  themselves  acids,  or  which  by  hydrolysis, 
as,  for  example,  magnesium  chloride  at  high  temperature,  furnish 
an  acid  on  the  one  hand,  and  the  protective  or  inhibitive  action  of 
such  materials  as  milk  of  lime,  caustic  soda  or  cement,  which, 
by  introducing  a  large  number  of  hydroxyl  ions  into  the  solution, 
cause  the  hydrogen  ions  already  there  to  disappear,  on  the  other 
hand. 

Mr.  Friend,  in  the  paper  noted  at  the  beginning  of  this  article, 
rests  his  conclusions  that  “the  electrolytic  theory  of  the  corrosion 
of  iron  is  untenable”  upon  the  alleged  fact  that  iron  will  not 
corrode  in  the  presence  of  water  and  oxygen  so  long  as  carbon 
dioxide  be  absent,  but  that  in  the  presence  of  water  and  oxygen 
and  the  most  minute  trace  of  carbon  dioxide  the  solution  of 
the  iron  with  subsequent  further  oxidation  and  the  formation 
of  rust  takes  place.  In  the  crucial  experiments  of  Mr.  Friend, 
the  iron  under  observation  was  first  washed  with  caustic  soda, 
and  the  assumption  made  that  several  rinsings  with  pure  water 
is  all  that  is  necessary  to  remove  the  caustic  soda.  We  have 
shown  by  conductivity  experiments  that  caustic  soda  is  held  by 
the  iron  most  tenaciously.  It  is  worthy  of  note  that  the  one 
experiment  in  which  rusting  always  took  place  in  spite  of  every 
precaution  to  exclude  carbonic  acid,  was  the  one  in  which  the 
iron  had  not  been  soaked  in  the .  caustic  soda  previous  to  its 
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exposure.  Assuming,  but  not  admitting,  that  the  experiments  of 
Mr.  Friend  satisfactorily  show  that  his  conclusions  are 
true,  this  fact  would  not  in  the  slightest  way  contradict  or  even 
open  to  question  the  electrolytic  theory  of  corrosion,  but  would, 
on  the  other  hand,  substantiate  it.  It  is  conceivavble,  though  I 
do  not  think  possible,  that  the  hydrogen  concentration  which  ob¬ 
tains  in  pure  water  may  not  be  sufficient  to  produce  an  osmotic 
pressure  of  hydrogen  which  in  connection  with  the  solution  pres¬ 
sure  of  the  iron  will  set  up  an  electromotive  force  insufficient  to 
cause  an  appreciable  electric  current  to  be  generated  and  flow 
between  two  separate  points  on  the  surface  of  the  iron ;  and  that 
it  requires  just  the  increase  in  the  concentration  of  the  hydrogen 
ions  which  is  occasioned  by  the  introduction  of  this  small  amount 
of  carbon  dioxide  in  the  form  of  carbonic  acid  to  produce  an 
electromotive  force  sufficient  to  cause  such  an  appreciable  current 
to  flow  and  to  thus  produce  the  observed  solution  of  the  iron 
and,  in  the  presence  of  the  oxygen,  rusting.  But  it  will  be 
clear  that  by  the  electrolytic  theory  of  corrosion  we  are  able  to 
explain  these  results  more  consistently  than  can  be  done  by  any 
other  theory  of  corrosion  yet  suggested.  In  fact,  there  is  no 
explanation  for  the  influence  of  carbon  dioxide  in  corrosion  other 
than  the  fact  that  it  is  an  acid ;  this  in  turn  assumes  an  accelerated 
action  due  to  an  increase  in  the  concentration  of  the  hydrogen 
ions,  and  we  are  forced  to  the  electrolyte  theory  for  a  satis¬ 
factory  explanation  of  the  action  in  the  end. 

The  third  factor  is  the  ease,  due  to  lack  of  resistance,  with 
which  the  electric  current,  generated  by  the  solution  of  the  metal 
at  one  point  and  the  separation  of  the  molecular  hydrogen  at 
another,  can  pass  from  one  of  these  points  to  the  other.  They 
may  be  infinitely  close  together,  or  separated  by  quite  a  distance. 
Therefore,  this  theory  demands  that  solution  or  corrosion  should 
take  place  more  rapidly  in  water  in  which  there  is  dissolved 
a  trace  of  an  electrolyte,  then  in  absolutely  pure  water. 

As  a  corollary  of  the  last  feature  mentioned,  viz.,  the  resistance 
of  the  external  circuit,  follows  the  influence  exerted  upon  the  rate 
of  reaction  by  the  ease  with  which  the  molecular  hydrogen  which 
separates  or  plates  out  upon  the  metal,  may  be  removed.  The 
resistance  of  a  film  of  gas  is  relatively  very  large,  and,  if  this 
hydrogen  gas  be  not  removed  from  the  surface  of  the  metal,  the 
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resistance  thus  introduced  in  the  circuit  may  be  so  large  that  no 
appreciable  current  can  pass,  and  therefore  the  reaction  would 
apparently  cease.  It  has  been  long  known  that  hydrogen  is  much 
more  easily  liberated  from  the  surface  of  certain  metals,  such 
as  copper  or  platinum,  than  it  is  from  certain  other  metals,  a? 
zinc  or  iron.  It  is  also  a  recognized  fact  that  hydrogen  will 
unite  with  oxygen  to  form  water  much  more  easily  from  the 
surface  of  certain  metals  than  from  others.  Hence,  the  elec¬ 
trolytic  theory  demands  that  the  solution  or  corrosion  of  the 
metal  should  vary,  other  things  being  equal,  with  the  ease  with 
which  hydrogen  may  be  liberated  from  its  surface,  and  also  with 
the  ease  or  to  the  extent  to  which  the  reaction  H2  +  O  =  H20 
is  catalyzed. 

One  fact  regarding  the  corrosion  of  iron  appears  to  be  un¬ 
disputed,  viz.,  that  oxygen  is  necessary  for  a  continued  action. 
This  corrosive  action  can  cease  from  two  causes,  viz.,  the  osmotic 
pressure  of  the  dissolved  iron  may  increase  until  it  neutralizes 
or  compensates  the  solution  pressure  of  the  metallic  iron  ;  or  the 
action  may  be  stopped  by  the  separation  of  a  film  of  molecular 
or  gaseous  hydrogen  upon  the  metal,  which,  owing  to  its  re¬ 
sistance,  prevents  the  flow  of  an  appreciable  current.  From  the 
fact  that  iron  possesses,  even  in  relatively  concentrated  solutions 
of  iron  salts,  a  very  appreciable  potential,  it  would  seem  highly 
improbable  that  the  solution  of  the  iron  in  water  should  be 
stopped  by  the  osmotic  pressure  of  that  already  dissolved,  and 
therefore,  although  the  oxidation  and  subsequent  precipitation  of 
the  already  dissolved  iron  is  the  most  striking  function  of  the 
oxygen,  it  is  probably  by  far  the  least  important,  and  its  real 
accelerating  action  lies  in  the  destruction  of  the  hydrogen  film 
already  separated  out  on  the  surface  of  the  metallic  iron. 

That  this  is  true  may  be  seen  by  the  consideration  of  a  number 
of  now  well  known  phenomena.  When  a  piece  of  iron  is  placed 
in  ordinary  water  exposed  to  the  air  it  will  dissolve  or  corrode 
or  rust.  If  now  there  be  placed  in  the  water  with,  this  piece 
of  iron  a  piece  of  platinum  the  solvent  or  corroding  action  of 
the  water  will  not  be  changed.  The  oxygen  is  present  in  the 
solution  as  before,  and  the  iron  ions  as  they  separate  from  the 
metallic  iron  are  being  oxidized  and  precipitated  as  rust.  If  now 
the  platinum  and  iron  be  electrically  connected,  a  marked  increase 
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in  the  rate  of  the  solution  or  corrosion  of  the  iron  is  noticed. 
No  chemical  condition  has  been  changed ;  the  difference  lies  in 
the  fact  that  there  is  now  an  electrical  contact  between  the  iron 
surface  and  the  platinum,  and  the  platinum  furnishes  a  surface 
on  which  the  hydrogen  can  deposit,  and  on  which,  by  virtue  of 
its  catalyzing  action,  the  hydrogen  will  be  rapidly  oxidized  by 
the  dissolved  oxygen  and  thus  removed  from  the  sphere  of  action. 
Or,  if  in  two  limbs  of  a  U  tube  separated  at  the  bottom  by  a 
jelly  plug  there  be  placed  two  pieces  of  the  same  iron,  electrically 
connected,  and  in  a  very  dilute  solution  of  any  electrolyte,  and 
both  of  these  limbs  be  protected  from  the  air,  no  action  will  be 
noticed.  That  is,  there  will  be,  on  both  pieces  of  iron,  points 
at  which  iron  has  gone  or  tends  to  go  into  solution,  and  points 
at  which  a  film  of  hydrogen  has  deposited,  and  owing  to  the 
resistance  of  this  film  of  hydrogen  no  local  currents  can  pass  over 
the  surface  of  the  pieces  of  iron  and  no  current  as  a  whole  passes 
through  the  jelly  plug  at  the  bottom,  or  through  the  system  as  a 
whole.  If  now  there  be  placed  in  one  of  the  limbs  a  substance 
which  will  unite  with  hydrogen,  such  as  potassium  bichromate  or 
alkaline  hydroxylamine,  still  no  action  will  be  observed  in  that 
limb,  but  the  iron  in  the  other  limb  will  pass  into  solution  and  a 
current  of  electricity  will  pass  through  the  system. 

A  third  example  is  found  in  the  action  of  zinc  in  water  con¬ 
taining  an  electrolyte.  If  a  strip  of  zinc  and  a  strip  of  iron 
be  placed  in  water  containing  a  very  little  salt,  the  iron  will 
corrode  rapidly,  while  the  zinc  will  not  be  noticeably  attacked. 
The  usual  explanation  for  this  phenomenon  is  that  the  zinc  pro¬ 
tects  itself  with  an  adherent  film  of  zinc  oxide  or  hydroxide, 
while  the  iron  produces  a  non-adherent  voluminous  hydroxide 
which  does  not  protect.  If  instead  of  being  separated  the  two 
strips  of  metal  be  placed  so  as  to  touch  each  other,  the  iron  no 
longer  corrodes,  but  the  zinc  very  rapidly  passes  into  solution. 
The  presence  of  the  iron  cannot  affect  the  nature  of  the  coating 
of  zinc  hydroxide  which  in  the  previous  case  adhered  thereto 
and  protected,  according  to  the  old  explanation,  the  sheet  of  zinc, 
nor  can  the  presence  of  the  zinc  affect  the  oxidation  and  precipi¬ 
tation  of  the  iron  ions  should  they  pass  into  solution  as  they 
are  wont  to  do.  The  explanation  consistent  with  the  electrolytic 
theory  is  that  the  zinc  in  the  first  arrangement  does  not  dissolve 
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and  corrode,  not  because  there  was  formed  an  adherent  and 
protecting  layer  of  zinc  hydroxide,  but  because  the  surface  of 
the  zinc  does  not  catalyze  the  reaction  H2  +  O  =  H20  with 
sufficient  rapidity  to  continually  remove  the  hydrogen  from  the 
surface  of  the  zinc.  The  film  of  hydrogen,  therefore,  forms  on 
the  zinc  and  protects  it,  and  it  may  be  said  to  be  “polarized!” 
Although  the  catalyzing  action  of  the  iron  surface  is  not  so  rapid 
as  is  the  platinum  surface,  it  has  sufficient  rapidity  to  depolarize 
the  iron  strip  and  to  render  continuous  the  solution,  and  therefore 
the  corrosion  of  the  iron.  While  the  solution  pressure,  that  is. 
the  tendency  to  pass  into  solution,  is  much  stronger  in  the  case 
of  the  zinc  than  it  is  in  the  iron,  the  iron  corrodes  and  the  zinc 
does  not,  because  the  electrolytic  double  layer  set  up  on  the 
surface  of  the  zinc  cannot  be  destroyed  by  a  flow  of  electric 
current.  When  the  two  are  united,  the  greater  solution  pressure 
of  the  zinc  forces  a  larger  number  of  zinc  ions  into  the  solution 
than  does  the  iron  force  iron  ions  into  the  solution,  and  the  next 
result  of  the  flow  of  current  is  that  the  zinc  soon  becomes  anodic 
over  its  entire  surface,  while  the  iron  becomes  the  cathode, 
and  that  no  iron  is  then  dissolved,  but  as  a  cathode  furnishes  a 
surface  on  which  the  hydrogen  set  free  by  the  solution  of  the 
zinc  may  be  deposited,  catalyzed  and  removed. 

It  has  been  shown  by  Richard  and  Townes1  that  when  an 
electric  current  at  low  current  density  is  passed  through  water  in 
the  presence  of  air,  that  hydrogen  is  not  liberated  at  the  cathode 
as  a  gas,  but  that  it  unites  with  the  dissolved  oxygen  at  the  elec¬ 
trode,  forming  first  hydrogen  peroxide,  and  then  water.  Since 
identically  these  conditions  obtain  in  the  corrosion  of  metals,  this 
same  phenomena  doubtless  takes  place ;  in  fact  Dunston2  was  able 
to  identify  the  presence  of  hydrogen  peroxide  in  the  products  of 
the  corrosion  of  zinc,  although  no  direct  proof  of  its  existence  on 
the  surface  of  corroding  iron  could  be  obtained. 

I  have  already  shown  that  “mill  scale”  or  magnetic  oxide  of 
iron  is  strongly  electronegative  to  iron.  Since  mill  scale  is  in¬ 
soluble  in  water  and  cannot  of  itself  enter  into  the  reaction,  its 
only  function  can  be  analogous  to  that  of  platinum  or  other  in¬ 
soluble  conductor  of  this  kind,  viz.,  to  furnish  a  surface  on  which 
the  hydrogen  liberated  by  the  dissolving  iron  can  separate  and 

1  Z.  Phys.  Chem.,  20,  145. 

2  Chem.  Soc.  (London),  84,  1584. 
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be  catalytically  oxidized  to  water  again.  This  is  also  true  of 
the  black  oxide  protective  coatings  sometimes  used  upon  iron 
and  steel,  as,  for  example,  that  of  the  Bower-Barf  process.  Just 
as  is  the  case  in  mill  scale,  these  coatings  are  very  serviceable 
so  long  as  the  whole  coating  is  intact.  But  so  soon  as  a  portion 
of  the  metallic  iron  is  exposed,  this  portion  corrodes  all  the  more 
rapidly  on  account  of  the  presence  of  the  surface  of  scale  on 
which  the  oxidation  of  the  hydrogen  and  consequent  depolariza¬ 
tion  can  go  on.  The  inevitable  result  is  that  a  “pit”  forms  at  the 
exposed  point  and  grows  deeper  and  more  marked  in  proportion 
as  the  scale  is  dense  and  closely  adherent  to*  the  iron  surface. 
Hence,  if  it  were  possible  to  remove  the  mill  scale  entirely  from 
steam  boiler  tubes,  for  example,  pitting  would  be  largely  elimi¬ 
nated,  and  the  life  of  the  tube  prolonged.  The  influence  of  the 
presence  of  mill  scale  on  iron  may  be  seen  from  the  following 
experiment.  Two  pieces  of  iron  were  cut  from  a  bar  which 
was  coated  with  the  original  rolling  mill  scale.  On  one  of  the 
pieces  parallel  strips  of  fresh  iron  were  exposed,  leaving  alternate 
strips  of  the  scale.  The  other  piece  was  planed  free  from  scale. 
Both  were  exposed  to  corrosion  in  water  for  one  week,  and  the 
loss  in  grams  was,  for  the  average  of  a  large  number  of  tests : 

Plain  Steel.  Steel  and  Scale. 

0.560  gram.  0.860  gram. 

The  well  known  fact  that  zinc  in  electrical  contact  with  iron 
will  protect  the  latter  from  corrosion  has  already  been  spoken  of. 
Although  this  statement  is  universally  made  in  text  books,  the 
fact  that,  in  consequence  of  the  protecting  action  to  the  iron 
the  zinc  itself  will  rapidly  be  dissolved,  is  not  mentioned.  Both 
actions  will  be  the  more  complete,  the  more  energetic  is  the  solu¬ 
tion  of  the  zinc  and  the  correspondingly  greater  flow  of  current 
from  the  zinc  to  the  iron.  But  the  flow  of  current  will  depend, 
among  other  things,  upon  the  resistance  offered  to  its  passage 
through  the  water.  Hence  it  should  be  possible  to  get  water  so 
pure,  or  to  place  the  iron  so  far  from  the  zinc  that  the  electromo¬ 
tive  force  of  the  system  could  not  overcome  the  resistance  and 
no  appreciable  current  would  flow,  and  the  iron  should  corrode 
as  though  no  zinc  were  attached  to  it.  It  was  found  that  Boston 
water  as  drawn  from  a  tap  in  the  laboratory  had  a  sufficiently 
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low  conductivity,  so  that  zinc  attached  to  a  piece  of  sheet  steel 
would  protect  it  when  placed  in  this  water  for  only  a  distance  of 
three-fourths  of  an  inch.  When  a  little  common  salt  was  added 
to  the  water,  the  protection  was  extended  for  a  foot  and  one-half 
or  more.  Hence,  in  order  that  zinc  may  protect  iron  from  cor¬ 
rosion,  it  is  necessary  to  have  present  in  the  water  surrounding 
the  two,  enough  electrolyte  to  insure  a  low  resistance  to  the 
flow  of  the  current  generated  by  the  solution  of  the  zinc. 

The  fact  that  the  presence  of  a  metallic  iron  surface  accelerates 
the  corrosion  of  zinc  has  an  important  bearing  upon  the  protection 
of  such  structure  as  barbed  wire  fencing,  or  whenever  both  an 
iron  and  zinc  surface  are  exposed.  In  making  barbed  wire 
fencing  the  wire  is  first  galvanized  and  then  wound  into  fencing, 
the  cross-wires  forming  the  barbs  being  cut  at  an  angle  in  order 
to  make  a  pointed  barb.  This  freshly  cut  surface  of  iron  is  thus 
exposed,  and  so  furnishes  just  the  surface  required  for  depolariz¬ 
ing  the  zinc  surface  and  thus  greatly  increasing  the  rapidity  with 
which  the  zinc  coating  will  corrode.  At  the  zinc  coating  thus 
recedes  from  the  iron  surface,  the  latter  rusts  on  account  of  the 
low  conductivity  of  the  water  film  on  the  two,  and  hence  the 
explanation  of  why  deterioration  of  a  barbed  wire  fence  always 
starts  at  the  barbs  and  travels  from  there  along  the  strands. 

It  would  seem  worth  while  in  this  connection  to  pass  the 
finished  barbed  wire  through  a  wet  galvanizing  bath  in  which 
the  wire  should  be  cathode  and  be  surrounded  by  a  zinc  anode, 
so  that  the  current  would  be  attracted  to  the  barbs  and  hence 
the  zinc  deposited  almost  exclusively  on  just  the  points  where 
it  is  needed.  Little  if  any  would  be  plated  on  the  wire  strands. 

In  examining  barbed  wire  fencing  which  has  been  exposed 
for  two  or  three  years,  it  is  not  infrequently  found  that  one  of 
the  two  main  unit  wires  making  up  a  strand  will  have  corroded 
much  faster  than  the  other  which  is  close  alongside  of  it  and  in 
direct  contact  with  it.  Three  factors  may  enter  into  this  differ¬ 
ence.  First,  the  steel  may  itself  be  inferior  in  one  wire ;  second, 
the  zinc  coating  may  be  thinner,  i.  e.,  “wiped"  closer  on  one  than 
on  the  other;  and  third,  the  zinc  coating  may  be  contaminated 
with  a- zinc  iron  alloy.  While  the  first  two  are  matters  under¬ 
stood  by  the  wire  makers,  the  third  is  not  so  easily  detected. 
The  alloy  known  as  “hard  dross”  by  the  galvanizers,  and  which. 
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owing  to  its  high  melting  point,  settles  to  the  bottom  of  the 
galvanizing  pot,  contains  from  4  to  6  per  cent,  of  iron.  This 
is  in  reality  a  mixture  of  the  alloy  Zu7Fe  and  zinc,  and,  while 
the  properties  of  zinc  still  predominate,  the  effect  of  the  presence 
of  the  alloy  may  be  easily  detected.  Contrary  to  what  might  be 
expected,  the  iron  zinc  alloy  Zu7Fe  is  electronegative  to  iron ; 
that  is,  it  will  act  like  platinum  or  mill  scale  and  accelerate  the 
depolarization  of  the  cathodic  (hydrogen)  surface,  and  thus  aid 
corrosion.  This  alloy  and  its  behavior  towards  oxidation 
will  form  the  subject  of  a  future  paper,  but  its  influence  on  the 
ease  with  which  hydrogen  may  be  liberated  from  a  zinc  surface 
may  be  seen  from  the  following  experiment. 

Alloys  of  iron  and  zinc  were  prepared  and  pieces  of  a  uniform 
size  placed  in  2  per  cent.  H2S04  for  ^4  an  hour.  The  loss  of 
weight  was  determined  and  is  given  in  grams  loss  per  minute 
per  sq.  in.  exposed  area. 


%  Fe  in  Zinc 

Total  loss 

in  weight 

Loss  per  minute 

0.60 

0.240  gram. 

.0040 

1.20 

0.384 

(( 

.0062 

I.90 

0.504 

a 

.0084 

2.66 

0.658 

a 

.0109 

3-35 

0.694 

u 

.0115 

3-8o 

0.742 

u 

.0123 

440 

0.852 

a 

.OI42 

4.90 

0.888 

a 

.0148 

5.50 

0.925 

(( 

.0154 

7.00 

0.971 

u 

.Ol6l 

•  •  • 

1.074 

a 

.OI79 

The  concentration  of  the  hydrogen  ion  in  such  a  case  as  this 
is  so  widely  different  from  that  which  exists  in  water  as  we  ordi¬ 
narily  find  it,  and  oxygen  plays  no  negligible  a  part  in  this  acid 
solution  compared  with  ordinary  corrosion,  that  I  think  a  com¬ 
parison  here  of  doubtful  value;  but  the  table  shows  the  direction 
which  the  effect  produced  by  the  presence  of  such  an  alloy  would 
take. 

Since  corrosion  depends  upon  the  depolarizing  effect  of  oxygen, 
any  reagent  which  would  exclude  oxygen  from  water  should 
retard  corrosion.  It  has  been  shown  that  the  solubility  of  oxygen 
in  a  solution  of  common  salt  decreases  as  the  content  of  salt 
increases.  Hence  the  corrosion  of  iron  should  be  inversely 
proportional  to  the  concentration  of  the  salt  solution.  In  the 
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following  table  are  given  the  loss  of  iron  in  grams  per  sq.  in. 
exposed  area  of  some  steel  plates  exposed  alone,  and  the  loss  of 
both  steel  and  zinc  plates  where  the  two  were  in  contact. 

IRON  IN  WATER  CONTAINING  SALT. 


Water  contains  NaCl  1  Wk.  exposure  2  %  wks-  exposure 

25  Gm.  per  L.  .0786 . 175 

50  “  “  “  .0698 . 150 

IOO  “  “  “  .0614 . 132 

150  “  “  “  .0454 . IOI 

.0341 . 065 

250  “  “  “  .0180 . 057 

300  “  “  “  .0068 . 043 

IRON  AND  ZINC  IN  CONTACT. 

H2O  Fe  Zu 

10  .032  .097 

25  .0004  .170 

50  .0007  .163 

100  .0005  .154 

150  .  .130 

250  .  .087 

300  .  .062 


A  common  type  of  corrosion  of  iron  which  is  generally  con¬ 
sidered  as  a  subject  by  itself  is  the  corrosion  of  tubes  and  shells 
of  steam  boilers.  The  function  of  the  oxygen  (with  which  the 
normal  feed  water  of  a  boiler  is  saturated)  is  here  the  same  as  in 
other  types  of  corrosion,  and,  as  boiler  tubes  cannot  be  protected 
by  paints  or  other  coatings,  the  detrimental  effect  of  the  oxygen 
mtfst  be  counteracted  in  some  other  way. 

If  the  feed  water  used  be  perfectly  free  from  dissolved  salts, 
there  is  lacking  in  the  boiler  that  protective  coating  of  scale 
which,  while  it  reduces  the  heating  efficiency  of  the  boiler,  also 
protects  the  iron  of  the  boiler  from  the  access  of  oxygen.  In 
such  a  case  it  is  well  to  feed  into  the  boiler,  when  first  put  into 
commission,  enough  water  containing  scale  forming  salts  to  thor¬ 
oughly  coat  the  shell  and  tubes  with  a  layer  of  hard  boiler  scale. 
This  practice  is  very  common  in  marine  boilers  which  are  to  be 
fed  with  distilled  water.  Although,  as  we  have  seen,  the  presence 
of  alkalies  inhibit  the  corrosion  of  iron  by  reducing  the  hydrogen 
concentration,  and  although,  as  Dr.  A.  S.  Cushman  has  shown, 
the  presence  of  bichromates  in  solution  greatly  inhibits  this  ac- 
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tion,  the  best  practice  is  to  remove  oxygen  from  the  feed  water 
before  it  is  introduced  into  the  boiler,  just  as  it  is  the  best  practice 
to  remove  the  scale  forming  salts  of  the  ordinary  feed  water 
before  this  is  used. 

As  the  solubility  of  oxygen  in  water  rapidly  decreases  with 
rise  in  temperature,  by  far  the  larger  portion  of  the  oxygen  dis¬ 
solved  in  natural  waters,  or  in  distilled  water,  is  removed  by 
heating  the  water  to  near  its  boiling  point.  If,  in  addition  to  the 
application  of  heat,  a  vacuum  be  maintained  over  the  water,  the 
dissolved  oxygen  is  pracically  all  removed,  and  such  feed  water 
will  never  corrode  the  boiler.  Such  an  arrangement  has  been 
in  use  in  a  few  of  our  largest  steam  generating  plants  with  the 
greatest  success.  Even  if  no  diminished  pressure  can  be  main¬ 
tained  over  the  hot  feed  water,  the  mere  heating  to  the  boiling 
point  will  drive  out  most  of  the  dissolved  oxygen.  If,  therefore,, 
an  open  feed-water  heater  be  employed,  the  feed  water  is  deprived 
of  its  oxygen  without  additional  expense  for  the  heat,  because 
the  feed  water  in  any  case  must  be  brought  to  its  boiling  point 
the  moment  it  gets  within  the  boiler.  This  method  of  treating 
boiler  feed  water  has  also  been  found  very  efficient  in  the  power 
stations  of  some  of  our  large  electric  railway  companies. 

A  third  method  of  depriving  the  feed  water  of  its  oxygen  is 
to  carry  the  same  through  a  tank  filled  with  small  pieces  of  scrap 
iron.  The  accumulated  iron  hydroxide  must  of  course  be  cleaned 
out  of  the  tank  periodically  and  the  scrap  iron  renewed.  But 
from  the  point  of  economy  it  is  of  course  much  cheaper  to  pit 
and  corrode  scrap  iron  in  a  tank  than  it  is  the  tubes  inside  the 
boiler,  so  that  this  method,  especially  if  combined  with  an  open 
feed-water  pre-heater,  is  in  the  end  a  very  economical  and  highly 
efficient  one. 

If,  for  any  reason,  it  is  not  possible  to  remove  the  oxygen 
from  the  water  before  it  is  fed  into  the  boiler,  numberless  boiler 
compounds  are  proposed  to  counteract  the  effect  of  the  oxygen 
within  the  boiler.  Such  a  method  is  of  course  irrational,  and  is 
nothing  more  than  voluntarily  taking  poison  with  the  expectation 
and  intention  of  taking  at  the  same  time  an  antidote  therefor. 
The  compounds  and  mixtures  which  have  been  proposed  for 
introduction  into  a  boiler  include  practically  every  thinkable  ma¬ 
terial  extant.  The  basis  of  most  of  them,  however,  is  sodium 


OXYGEN  IN  THE  CORROSION  OE  METAES.  1 87 

carbonate  in  the  form  of  soda-ash,  and  are  effective  only  insofar 
as  they  reduce  the  hydrogen  concentration  in  the  water.  A  con¬ 
siderable  portion  of  the  soda  added  is  frequently  consumed  in 
precipitating  the  scale  forming  salts  of  the  water,  and  is  as  a 
rule  of  low  efficiency  as  an  anti-corroding  ingredient.  Inasmuch 
as  an  alkaline  solution  of  the  ordinary  tannins  or  tannin  extracts 
breaks  up  more  or  less  when  subjected  to  the  heat  and  pressure 
of  a  steam  boiler  into  gallic  and  pyrogallic  acids,  which  are 
energetic  absorbents  of  oxygen,  a  solution  of  this  material  is 
efficient  as  a  boiler  compound  for  preventing  corrosion. 

A  very  old  method  is,  of  course,  the  introduction  of  pieces  of 
metallic  zinc  into  the  boiler,  which  operate  in  accordance  with  the 
principles  already  discussed.  It  is  necessary,  however,  to  main¬ 
tain  good  electrical  contact  with  the  iron  and  to  have  in  the  water 
sufficient  electrolyte  of  some  sort  to  carry  the  current  from  the 
zinc  to  the  iron.  For  the  protection  of  condenser  jackets  using 
sea  water  this  method  has  been  found  to  be  perfectly  satisfactory 
and  entirely  trustworthy. 

Research  Laboratory  of  Applied  Chemistry , 

Massachusetts  Institute  of  T echnology, 

October,  1908. 


ELECTROLYTIC  CORROSION  OF  THE  BOTTOM  OF  OIL  TANKS 

AND  OF  OTHER  STRUCTURES 

By  Adolphus  A.  Knudsgn,  Electrical  Engineer. 


The  subject  of  the  corrosion  of  iron  in  its  broad  sense  being 
of  wide  and  growing  interest  at  the  present  time,  any  data  fur¬ 
nished  of  special  or  important  features  of  corrosion  discovered 
in  the  practical  operation  of  various  industries  will  doubtless 
be  of  some  value,  not  only  to  those  engaged  in  laboratory  studies 
of  the  question  searching  for  cause  and  remedy,  but  those  directly 
concerned  who  are  seeking  to  avoid  the  depreciation  of  costly 
structures. 

In  accepting  the  invitation  to  prepare  a  paper  for  this  meet¬ 
ing,  the  writer  has  felt  a  sense  of  duty  as  a  member  of  the 
society  to  bring  before  it  at  this  time  for  discussion,  a  case 
of  most  pronounced  corrosion  which  has  recently  come  under 
his  notice,  and  which,  it  seems  plain,  comes  squarely  under  the 
head  of  electrochemistry. 

The  case  to  which  we  refer  is  the  destructive  effects  found 
upon  the  bottom  of  oil  tanks.  Three  such  tanks  have  been 
examined  and  are  the  principal  subject  of  this  paper.  Two  of 
these  are  located  in  the  gas  works  of  an  eastern  city  and  one 
in  the  Standard  Oil  Works  of  another  city. 

First,  a  word  in  regard  to  the  construction  of  oil  tanks.  This 
being  fairly  well  known,  a  brief  description  only  is  necessary. 
The  many  different  sizes  are  made  of  riveted  sheet  steel  plates, 
usually  ii  feet  x  5  feet  and  from  %-inch  to  ^-inch  in  thick¬ 
ness  for  the  sides  and  bottoms,  and  somewhat  thinner  for  the 
roofs.  The  roofs  are  supported  in  some  cases  by  upright 
wooden  joists  from  floor  to  roof,  the  joists  suitably  braced. 
In  other  cases  a  steel  frame  is  placed  under  the  roof  supported 
from  the  sides,  similar  in  appearance  to  an  umbrella  frame. 

(189) 
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The  conditions  found  in  the  three  tanks  examined  will  now 
be  considered.  First,  the  two  tanks  at  the  gas  works.  These 
will  be  considered  together,  as  all  the  conditions  were  practi¬ 
cally  the  same  in  each  case,  even  to  the  extent  of  damage  found. 

Fig.  i  shows  the  top  view  in  section  of  both  tanks.  These 
were  found  numbered  7  and  8  (the  same  numbers  used  in 
the  drawing),  and  will  be  herein  so  referred  to.  These  tanks 
are  35  feet  in  diameter  and  16  feet  high,  slightly  higher  at 
the  peak  of  the  roofs.  The  roofs  are  supported  in  this  case 
by  perpendicular  wooden  joists  from  the  floor,  as  shown  by  the 
circle  of  square  dots  in  the  drawing..  An  intake  pipe  is  located 
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FIG.  I. 


about  6  inches  from  the  bottom  of  each  tank,  which  is  also  used 
as  an  outlet.  These  intakes  connect  to  the  outside  pipe  line 
shown  in  the  drawing. 

These  tanks  which  are  located  on  the  end  of  a  dock  are 
enclosed  within  a  concrete  wall,  with  concrete  foundations ;  this 
presumably  to  prevent  oil  flowing  into  the  harbor  in  case  of  leaks 
or  fire.  Both  of  these  tanks  were  discovered  to  be  leaking. 
The  oil  was  run  off  and  a  sediment  of  a  consistency  of  soft 
soap  removed.  The  numerous  pittings  and  holes  in  the  bottoms 
suggested  to  the  men  at  first,  electrolysis  due  to  railway  cur¬ 
rents,  as  it  was  known  such  currents  were  flowing  through  the 
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works.  When  the  writer  was  called  to  examine,  the  first  dis¬ 
covery  made  was  the  pittings  originated  at  the  interior  of  both 
tanks,  the  larger  part  of  such  pittings  on  the  inside  floor,  and 
tapering  downward,  many  of  them  terminating  in  holes  through 
the  iron.  These  holes  ranged  in  size  from  %-inch  in  diameter 
to  more  than  i-inch  in  several  cases. 

Plaster  casts  were  taken  in  a  few  places  on  the  floors  of  both 
tanks,  so  these  effects  could  be  later  considered.  These  casts 
are  herewith  submitted  for  your  inspection.  Plaster  casts,  it  is 
well  known,  are  the  reverse  of  holes  and  pittings.  Photographs 
of  these  casts  have  been  made  and  appear  in  the  paper.  The 
shaded  portions  of  Fig.  i  show  the  location  where  these  pittings 
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and  holes  were  found  most  numerous.  It  will  be  noted  they 
were  immediately  in  line  of  the  intake  pipes  and  spreading  out 
at  the  opposite  sides.  The  numbers  on  the  casts  correspond 
with  the  numbers  in  the  drawing,  indicating  where  they  were 
taken.  Each  of  the  casts  will  be  briefly  explained. 

The  first  three  are  from  Tank  No.  7,  Fig.  2. 

Cast  No.  1. — A  pitting  with  a  projection  near  the  center, 
representing  a  hole  through  the  metal  ^4 -inch  in  diameter.  This 
is  the  only  projection  on  the  casts  representing  holes  which  re¬ 
mained  intact ;  the  others  broke  off  when  the  casts  were  removed. 
At  the  left  of  this  pitting  are  two  white  spots  which  represent 
Foies,  where  the  plaster  broke  off. 
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Cast  No.  2. — A  pitting  at  the  far  side  nearly  through  the  iron. 
This  was  taken  about  the  center  of  the  tank. 

Cast  No.  3. — A  cluster  of  pittings  representing  a  fair  average 
of  those  discovered  at  the  opposite  side  of  the  tank  from  the 
intake. 

Plaster  Casts  from  Tank  No.  S.  Cast  A To.  1  A  group  near  the  intake,  which 
represents  a  fair  average  at  this  point,  excepting  some  holes  not  far  away. 

Cast  No.  2.  Shows  a  ridge  representing  a  furrow  or  channel  in  the  iron  bot¬ 
tom  4  inches  long,  2j4  inches  wide  and  6-32  inch  at  the  deepest  point,  or  within 
2-32  inch  of  being  through  the  iron.  In  the  immediate  vicinity  of  this  cast  were 
found  several  holes. 

Cast  No.  3.  The  top  broken  off,  representing  a  pitting  with  a  hole  at  the  center. 
This  hole  was  1  inch  long  and  inch  wide,  measuring  from  the  longest  and 
widest  parts. 

These  two  tanks  have  beer,  in  service  seven  years.  As  they  were  much  needed 
for  storing  oil,  temporary  repairs  have  been  made  by  filling  the  pittings  and  holes 
with  litharge  and  red  lead,  but  it.  is  probable  that  new  bottoms  will  soon  be  placed 
in  them. 

Samples  of  the  water  obtained  from  the  bottom  of  two  of 
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the  gas  company’s  tanks  have  been  analyzed  by  Dr.  Stillman,, 
of  Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  who  reports 
as  follows : 


Thos.  B.  Stillman,  M.S.  Ph.D., 

Chemical  Engineer. 

Hoboken,  N.  ].,  October  29,  1908. 

Adolphus  A.  Knudson, 

Electrical  Engineer, 

New  York  City. 

Dear  Sir: — The  sample  of  water  from  bottom  of  oil  tank  marked  No. 
11  contains  1.6  per  cent,  mineral  residue — mostly  salts  of  soda.  The 
sample  of  water  from  bottom  of  oil  tank  marked  No.  7  contains  1.3  per 
cent,  mineral  residue — mostly  salts  of  soda. 

Both  solutions  react  alkaline. 

Respectfully  yours, 

(Signed)  ThoS.  B.  Stillman. 
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The  oil  in  Tank  No.  7  has  been  standing  about  one  year, 
that  in  No.  n  somewhat  longer.  This  oil  is  believed  to  come 
from  Texas. 

The  bottom  of  No.  n  was  not  examined,  as  it  was  in  use. 

ELECTRICAL  conditions. 

Tests  have  been  made  to  ascertain  the  electrical  conditions 
due  to  stray  railway  currents,  as  possible  corrosion  from  this 
source,  it  was  thought,  might  be  going  on  at  the  underside 
of  these  bottoms.  Railway  currents  have  been  discovered  pass¬ 
ing  through  the  gas  company’s  yard,  mostly  going  through 
and  leaving  the  ends  of  power  house  suction  pipes  placed  in 
river.  One  of  these  suction  pipes,  a  20-inch  cast  iron,  entered 
the  river  quite  near  these  oil  tanks.  Current  flow  on  this  pipe 
was  found  passing  to  the  river  ranging  from  1  to  4  amperes, 
at  times  6  amperes,  maximum.  The  strainers  at  the  end  of 
this  pipe  have  twice  been  destroyed  by  electrolysis. 

The  voltmeter  readings  between  tanks  and  river  were  taken 
several  times  during  the  past  year.  The  tanks  have  always  been 
found  positive  to  the  river.  In  March,  1908,  2.0  volts  maximum 
was  observed.  A  tank  used  for  tar  stands  close  to  these  two 
tanks  and  is  under  precisely  the  same  electrical  conditions  as  to 
stray  railway  currents,  but  no  corrosion  has  developed  at  the 
bottom,  so  far  as  known,  either  inside  or  outside.  Tests  for 
current  flow  on  the  6-inch  pipe  connecting  with  the  two  tanks, 
shown  in  drawing,  has  also  been  made  several  times  during 
the  past  year,  but  in  no  case  has  a  flow  been  detected.  There 
being  no  other  pipes  connecting  with  the  tanks,  it  was  con¬ 
cluded  that  no  current  was  leaving  them,  notwithstanding  the 
voltmeter  indications.  Had  there  been  corrosion  upon  the 
exterior  bottoms  as  well  as  upon  the  interior,  with  the  two 
forces  at  work,  the  life  of  these  tanks  would  certainly  have 
been  much  shorter. 

THERMO  ELECTRICITY. 

Tests  were  also  made  for  thermo  electricity  as  a  possible  con¬ 
tributing  agent  for  corrosion.  A  thermometer  observation  on  a 
hot  day  in  summer  at  Tank  No.  7  at  the  interior  bottom  regis- 
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tered  27.5 0  Cen.  At  the  interior  top  39. 50  Cen.,  a  difference  of 
120  Cen.  A  millivoltmeter  reading  between  the  bottom  and  top 
0.2  millivolt,  bottom  positive.  Shady  side  of  tank  postive  to 
sun  side  0.15  millivolts.  This  tank  was  empty,  but  the  same 
tests  were  made  on  one  in  use,  resulting  practically  in  the  same 
readings,  both  temperature  and  electrical.  The  millivolt  test  on 
Tank  No.  7  between  top  and  bottom  was  repeated  in  winter,  when 
all  parts  were  cold,  and  with  no  result.  It  is  a  question  if  these 
indications  of  feeble  thermo-electricity  play  any  part  in  the  cor¬ 
rosion  discovered,  but  it  is  mentioned  as  an  item  for  possible 
discussion. 

Oil  Tank  No.  9  in  one  of  the  Standard  Oil  Works. 

The  pittings  and  holes  being  very  similar  to  those  discovered 
in  tanks  No.  7  and  8,  it  was  not  deemed  necessary  to  obtain 
further  casts.  At  one  time  it  was  thought  by  the  manager  that 
the  cause  of  corrosion  was  due  to  a  certain  class  of  oil  stored 
in  the  tank,  but  he  found  that  tanks  containing  white  oils  were 
also  similarly  affected.  In  this  tank  the  roof  supports  were  of 
steel,  of  the  umbrella  pattern.  A  second  pipe  is  used  for  draw¬ 
ing  off  the  oil.  This  pipe  is  called  a  swing  pipe.  It  has  a  loose 
joint  at  the  base  and  a  chain  attached  at  the  far  end,  the  pipe 
being  about  20  feet  long;  the  other  end  of  the  chain  passes 
through  an  opening  in  the  roof.  The  end  of  the  pipe  is  thus 
raised  or  lowered  so  as  to  take  the  oil  from  near  the  surface. 
When  we  visited  this  tank  a  few  weeks  ago  it  was  cleaned  out 
and  one  of  the  side  plates  removed  preparatory  to  placing  in 
it  a  new  bottom,  a  contract  having  been  let  for  that  purpose, 
the  former  one  being  so  badly  corroded  it  was  deemed  unfit 
for  further  use.  The  position  of  the-  pittings  and  holes  in  this 
tank  floor  was  very  similar  to  those  in  tanks  Nos.  7  and  8,  as 
shown  by  the  drawing,  Fig.  1.  This  tank  has  been  in  use  13 
years.  The  interior  sides  of  all  three  of  these  tanks  were  care¬ 
fully  examined  and  no  sign  of  corrosion  of  any  kind  could  be 
found,  in  fact,  the  outline  letters  and  figures  on  the  interior  of 
one  of  the  plates  in  Tank  No.  9,  made  with  chalk  or  paint 
when  the  tank  was  made  13  years  ago,  could  be  made  out, 
although  both  letters  and  figures  were  upside  down  as  viewed 
from  the  floor. 
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DANGER  RROM  EIGHTNING. 

If  we  may  digress  a  little  from  the  main  subject,  we  would 
like  to  call  attention  to  the  great  danger  of  explosion  and  fire 
in  oil  tanks  from  lightning  by  the  presence  of  this  chain  on 
the  swing  pipe.  In  1881  the  writer  called  attention  to  this  danger 
in  a  paper  before  the  New  York  Electrical  Society,  on  the  sub¬ 
ject  of  “Cause  of  Explosions  in  Oil  Tanks,”  such  explosions 
being  quite  frequent  at  that  time.  As  an  illustration,  a  small 
model  of  a  tank  was  used,  and  a  static  machine  to  produce  the 
electricity;  through  an  opening  in  the  side  of  the  tank  the  chain 
could  be  seen.  When  discharges  were  made  upon  the  roof  of 
the  tank  representing  lightning,  sparks  were  observed  at  nearly 
every  link  of  the  chain  inside.  As  an  obvious  remedy,  we  sug¬ 
gested  at  that  time,  to  substitute  a  wire  rope  in  place  of  the 
chain,  which  would  be  a  continuous  conductor,  and  if  lightning 
came  that  way  it  would  pass  off  silently  with  no  sparks.  A 
letter  from  the  manager  of  a  large  oil  works  in  Pennsylvania 
informed  us  that  they  had  even  gone  further  than  our  suggestion, 
and  had  not  only  taken  off  the  chains,  but  left  out  the  swing 
pipes  in  all  new  tanks  that  were  built,  using  other  means  to 
draw  off  the  oil.  It  may  be,  judging  from  the  one  discovered 
in  the  tank  recently  examined  (No.  9)  that  there  are  others 
with  chains  in  use  at  the  present  time,  and  those  in  charge  of 
oil  works  have  not  realized  the  danger,  and  this  point  may  pos¬ 
sibly  come  to  their  notice.  It  was  a  surprise  to  the  writer  that 
something  worse  than  a  destroyed  bottom  has  not  happened  to 
this  tank.  The  importance  of  this  point,  as  viewed  by  the  writer, 
is  the  excuse  for  turning  aside  from  the  subject  for  a  moment. 

CAUSE  OR  CORROSION. 

In  this  case  of  such  pronounced  corrosion  in  oil  tanks,  there 
must  of  necessity  be  definite  and  pronounced  cause.  In  looking 
for  such  cause  or  causes,  the  following  data  has  been  obtained. 
It  is  well  known  that  crude  oils  contain  more  or  less  sulphur. 
In  the  purifying  process  we  find  it  customary  to  subject  such 
oils  to  treatment  with  sulphuric  acid,  and  after  that,  to  caustic 
soda.  The  oil  is  then,  after  each  treatment,  washed  with  water. 
It  is  reasonable  to  suppose  that  traces  of  acid  or  alkali  remain 
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with  the  oil  when  shipped  away.  The  superintendent  of  an 
oil  works  has  informed  us  that  on  one  occasion  75  barrels  of 
sediment,  or  “B.  as  it  was  called,  was  removed  from  one 
of  his  tanks,  which,  he  said,  had  a  large  percentage  of  caustic 
soda.  When  oil  is  shipped  by  steamers  or  lighters  on  the  sea 
coast,  which  is  often  the  case,  there  is  more  or  less  leakage,  and 
salt  water  is  added  to  the  mixture,  also  rain  water  leakage 
through  the  roofs  of  the  tanks.  This  layer  of  water  which  rests 
upon  the  bottom  of  oil  tanks  contains  electrolytes,  which  are 
the  products  of  the  chemicals  referred  to,  and  are  distributed  over 
the  surface  of  the  iron  bottom.  Either  through  impurities  of 
the  iron,  or  from  other  causes,  potential  differences  obtain,  in 
other  words,  innumerable  small  galvanic  couples  are  originated, 
which,  when  started,  carry  on  their  work  of  destruction.  These 
galvanic  effects,  as  shown  by  the  plaster  casts,  indicate  growth ; 
some  are  most  minute,  as  though  in  infancy,  others  larger,  while 
some  appear  to  have  reached  maturity,  as  shown  by  the  large 
pittings,  resulting  in  holes  through  the  metal  in  many  cases. 

A  more  satisfactory  explanation  of  this  cause  of  corrosion  will 
doubtless  be  found  in  the  following  extracts  of  letters  to  the 
writer,  from  Prof.  Allerton  S.  Cushman,  author  of  two  recent 
papers  on  the  subject  of  “Corrosion  of  Iron,”  of  which  you  are 
no  doubt  familiar.  At  Dr.  Cushman’s  request,  we  furnished 
him  with  the  data  of  these  cases  of  oil  tank  corrosion,  in  which 
he  was  much  interested,  and  he  has  kindly  given  his  opinion, 
with  permission  to  use  same  in  this  paper. 

Washington,  D.  C.,  October  1,  1907. 

I  have  read  your  letter  with  care,  and  I  can  only  say  that  I  am  not  sur¬ 
prised  that  the  bottom  of  the  oil  tanks,  in  which  you  are  interested,  pitted 
as  rapidly  as  they  did.  According  to  the  modern  theories  of  corrosion, 
the  electrolysis  is  not  caused  so  much  by  outside  electrical  currents  or 
differences  of  potential  as  it  is  by  local  difference  of  potential  set  up  within 
the  metal  itself,  owing  to  concentration  changes  in  the  distribution  of 
impurities  .... 

In  your  tanks,  which  undoubtedly  contained  at  the  bottom  a  layer  of 
water,  in  which  electrolytes  of  various  kinds  were  dissolved,  you  had  the 
ideal  conditions  for  pitting  to  take  place.  In  my  opinion,  a  fairly  liberal 
application  of  bichromate  would  protect  the  bottoms  of  such  tanks  as  those 
in  which  you  are  interested. 

1 

He  also  states  under  date  of  October  1st,  1908: 

Since  the  date  of  the  letters  you  mention,  however,  my  studies  have 
taught  me  that  the  concentration  changes  in  the  distribution  of  the  impuri¬ 
ties  in  the  iron  is  only  one  of  the  controlling  factors  in  stimulating  cor- 
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rosion.  The  physical  condition  of  the  surface  is  also  important,  the  slight¬ 
est  identation,  scratch  or  cut  in  the  surface  appears  to  become  positive 
to  the  surrounding  area  and  thus  forms  a  nucleus  for  a  future  pit  hole.  It 
is  probable  that  in  the  best  practice  hereafter  attention  will  have  to  be  paid 
not  only  to  the  method  of  manufacture  of  the  steel  as  affecting  its  chemical 
constitution,  but  also  to  the  condition  of  finish  of  the  surface  which  is 
going  into  use. 

Referring  to  the  surface  abrasion  as  a  contributing  cause  for 
corrosion,  it  has  been  noticed  by  the  writer  there  were  many 
corroded  rivet  heads  on  the  floors  of  all  three  tanks.  Some 
partially,  but  many  entirely  eaten  away.  Dr.  Cushman’s  remark 
as  to  indentation,  scratches,  etc.,  forming  a  nucleus  for  future 
pittings  and  holes  may  apply  to  rivet  heads,  as  well  as  other 
parts  of  a  tank  bottom,  as  there  is  no  lack  of  opportunity  for 
surface  abrasion  at  such  points,  either  in  the  process  of  riveting, 
men  walking  over  them,  or  other  causes. 

REMEDIES. 

The  use  of  bichromate  solution  as  a  protective  measure  for 
corrosion  of  iron  has  been  strongly  recommended  by  Dr.  Cush¬ 
man  in  his  papers  and  letters,  and  to  myself  at  a  personal  inter¬ 
view.  His  opinions  are,  it  is  well  known,  based  upon  the  results 
of  carefully  conducted  experiments  and  we  believe  worthy  of 
the  most  favorable  consideration.  If  this  method  is  applied  to 
oil  tanks,  we  think  it  should  be  sent  into  the  tanks  from  the 
same  intakes  as  the  oil,  as  in  such  case  the  remedy  would  be 
distributed  where  most  damage  occurs,  as  indicated  by  the  shaded 
parts  of  drawing,  Fig.  1. 

In  one  instance,  as  a  protection  from  corrosion,  it  was  pro¬ 
posed  by  the  manager  of  an  oil  works  to  place  a  layer  of  con¬ 
crete  upon  the  floor  of  tanks.  We  expressed  doubts  of  this 
method  being  effective  protection,  in  view  of  former  experiments 
by  the  writer  on  corrosion  of  iron  in  concrete.* 

Owing  to  the  well  known  absorption  qualities  of  concrete  water 
containing  electrolytes  would  naturally  pass  through  it  to  the 
iron  bottom,  probably  causing  the  concrete  to  crack  at  points 
where  electrolytic  action  takes  place.  Attempts  have  been  made 
by  some  to  prevent  the  absorption  properties  of  concrete  by 
incorporating  with  it  certain  waterproof  materials,  but  we  have 

*  Transactions  American  Institute  Electrical  Engineers,  Vol.  XXVI,  Part  I, 
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no  data  to  present  at  this  time  of  the  efficiency  or  otherwise  of 
concrete  so  treated. 

CORROSION  OP  OTHER  STRUCTURES. 

Referring  to  the  Rochester  steel  conduit,  Mr.  Richard  H. 
Gaines  has  given  an  interesting  account  of  the  corrosion  of  this 
water  main  in  a  paper  before  this  society  at  the  Albany  meet¬ 
ing,  April  30,  1908,  printed  in  the  transactions.  We  have  care¬ 
fully  read  this  account,  and  we  are  inclined  to  believe  with 
those  who  took  part  in  the  discussion  that  the  author’s  con¬ 
clusions  should  not  be  accepted  as  final,  where  he  states  p.  87  (2), 
“The  corrosion  of  the  Rochester  steel  conduit  was  caused  by 
electrolysis,  the  current  for  which  resulted  from  chemical  processes 
between  water  solution  in  the  soil  and  the  metal.”  While  this 
may  be  true  at  some  portions  of  the  pipe,  we  notice  that  after 
a  long  account  giving  analysis  of  soils,  and  of  composition  of 
metal,  character  of  coatings,  etc.,  not  one  statement  is  made 
of  the  methods  of  measurements  by  the  “electrician  from  the 
municipal  laboratory,”  upon  whose  brief  report  that  “no  meas¬ 
urable  current  could  be  found  with  the  millivoltmeter  from  out¬ 
side  sources,”  it  is  concluded  by  Mr.  Gaines  that  no  stray  cur¬ 
rents  past  or  present  should  be  considered  as  a  cause  for  cor¬ 
rosion  on  this  main.  Under  these  circumstances,  we  do  not 
think  this  a  fair  conclusion.  Laboratory  electricians  are  not 
always  well  equipped  either  with  exeprience  or  instruments  in 
locating  or  tracing  stray  currents.  There  are  no  details  of  the 
measurements,  or  if  24-hour  readings  were  made,  the  latter  to 
determine  if  the  electrical  conditions  were  the  same  during  the 
entire  24  hours.  It  often  occurs  that  the  source  of  power  upon 
railway  lines  are  changed,  operating  from  a  sub-station  during 
the  day,  and  from  another  part  of  city  or  country  at  night,  from 
a  central  station,  when  totally  different  results  are  obtained  as 
to  current  flow  on  pipes.  It  is  quite  unusual  to  find  pipes  as 
badly  corroded  as  this  main  is  reported,  where  such  corrosion 
is  entirely  due  to  “chemical  processes.” 

Another  point  has  been  noticed  in  underground  electrolysis 
in  an  interesting  paper  before  this  society,  April  30,  1908,  by 
Prof.  Burgess,  also  at  the  Albany  meeting,  entitled  “Corrosion 
of  Iron  from  the  Electro-Chemical  Standpoint,”  printed  in  the 
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transactions.  In  this  paper  corrosion  of  underground  structures 
by  straying  railway  currents  are  referred  to,  in  which  the  author 
seems  to  question  certain  testimony  that  had  been  given  by 
experts  to  the  effect  that  a  flow  of  current  through  the  earth 


Cross  section  with  dimensions  of  two  wrought  iron  bridge 
chords, before  being  damaged  by  electrolysis. 

Point  St.  Bridge, Providence, It.  I. 

“  A  ” 


SECTION  OF  ONE  OF  THE  WRO’T  IRON  CHORD  MEMBERS 
OF  POINT  STREET  BRIDGE 

fHHl  Original  section  of  Chord  before  being  affected  with  electrolysis. 

Section  of  Chord  after  being  affected  with  electrolysis. 

Area  of  original  section  12.375  Sqr.Inches.  Area  of  present  section  8.41  Sq’r.  Inches. 

Percent  of  loss  of  section  32  Per  cent.  Area  worked  out  with  planimeter. 

“B” 

had  resulted  in  the  deposition  of  a  coat  of  iron  upon  pebbles  in 
the  earth.  I  do  not  know  who  gave  this  testimony,  but  am  sure 
they  were  correct,  as  such  finds  are  not  unusual. 

I  have  here  two  pebbles  of  a  number  found  so  coated,  which 
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were  taken  from  the  side  of  a  cast  iron  pipe  which  had  been 
practically  destroyed  by  electrolysis  from  stray  railway  currents, 
in  the  city  of  Dayton,  Ohio.  These  may  possibly  be  some  of 
the  very  same  pebbles  to  which  Prof.  Burgess  refers. 

These  and  other  samples  are  submitted  for  your  inspection. 
The  deposition  of  both  iron  and  lead  has  often  been  found  by 
the  writer  upon  pebbles,  stones  and  soils  adjacent  to  pipes  which 
were  undergoing  electrolysis.  We  have  some  samples  here  per- 


FIG.  4. 


sonally  obtained  only  yesterday,  of  stones  and  pebbles,  which 
lay  near  a  12-inch  steel  water  pipe  which  was  delivering  rail¬ 
way  current  into  the  soil,  which  show  more  or  less  of  such 
deposit.  This  pipe,  which  is  in  Edgewater,  N.  J.,  is  badly  cor¬ 
roded.  #  Next  to  the  pipe  was  found  a  complete  covering  of  black 
carbon  of  about  y$- inch  thick;  at  some  points  on  the  pipe  there 
was  a  bright,  metallic  luster ;  next  to  the  carbon  distributed  in 
the  soil  and  upon  stones  was  over  an  inch  of  iron  deposit. 
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Samples  of  lead  deposit  are  shown,  also  personally  obtained  from 
a  lead  service  pipe  in  Cleveland,  Ohio,  which  lay  in  sand. 
This  pipe  was  so  badly  injured  by  electrolysis  that  about  25 
feet  had  to  be  replaced  with  new  pipe.  These  samples  appear  to 
be  as  heavy  as  an  equal  amount  of  lead.* 

While  it  is  appreciated  that  the  electro  deposition  of  iron 
is  difficult  under  the  most  favorable  circumstances,  these  samples 
so  coated  are  shown  as  a  suggestion  that  there  may  be  something 
in  the  process  of  underground  electrolysis  not  fully  understood. 

Another  sample  of  corrosion  of  iron  by  stray  current  process 
was  shown  after  adjournment,  and  this  data  obtained  later. 
This  sample  is  a  mass  of  oxide  of  iron  5  inches  long  by  2  inches 


FIG.  5. 


deep,  and  is  1  inches  to  1%  inches  thick.  It  was  taken  from 
between  two  bridge  chords  which  lay  iR[  inches  apart,  from 
a  bridge  that  was  taken  down  and  replaced  by  a  new  bridge, 
in  the  city  of  Providence,  R.  I.  These  bridge  chords  where 
they  lay  in  soil  were  badly  corroded,  and  when  found  were 
surrounded  by  a  mass  of  oxide,  the  same  as  this  sample.  Figs. 
4  and  5  are  photographic  reproductions  of  same;  Fig.  6, 
corrosion  at  ends  of  spans.  The  dimensions  of  these  chords, 
which  were  of  wrought  iron,  are  given  in  drawing  “A.” 
The  comparison  of  damage  with  the  original  size  is  given 

*  After  Prof.  Burgess  had  inspected  these  samples  he  stated  they  were  composed 
of  white  lead. 
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in  drawing  “B.”  Electrical  measurements  have  been  taken 
upon  this  bridge  for  some  years  past  by  the  writer,  who 
has  often  predicted  damage.  The  bridge  has  always  been 
found  positive  to  the  soil  at  the  eastern  end  where  this 
corrosion  was  discovered.  In  1902  corrosion  and  holes  were 
found  upon  one  of  the  sheet  iron  trusses  where  it  entered  the 
soil.  The  railway  power  house  was  a  short  distance  from  this 
bridge  on  the  west  bank  of  the  river.  Submarine  cables  from 
the  power  house  were  attached  to  a  cable  box  close  to  the  eastern 
end  of  the  bridge. 


FIG.  6. 


Stray  currents  have  been  found  on  this  bridge  from  July,  1900, 
up  to  September,  1903,  when  they  were  checked  by  a  change  in 
the  railway  return  conductors,  which  were  placed  on  poles  and 
the  cables  abandoned. 

This  sample  and  data  is  an  example  of  what  is  possible  in 
many  bridges  in  this  country. 

In  conclusion,  from  the  standpoint  of  the  electrical  engineer, 
we  are  grateful  for  advice  in  the  solving  of  electrolysis  prob¬ 
lems  as  to  cause,  effect  and  remedy  in  cases  where  they  partly 
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or  wholly  refer  to  electrochemical  action.  On  the  other  hand, 
personally,  we  are  always  willing  to  furnish  information  obtained 
through  long  practice  as  to  methods  for  tracing,  locating  or 
identifying  stray  currents  causing  electrolysis.  It  would  seem, 
therefore,  as  Prof.  Ganz  has  stated,  that  co-operation  in  import¬ 
ant  cases  between  the  stray  current  specialist  and  the  electro¬ 
chemist  would  be  desirable,  and  to  that  end  we  have  brought 
this  case  of  oil  tank  corrosion  before  this  society  for  discussion, 
as  well  as  other  matters,  believing  they  are  of  the  widest  im¬ 
portance,  and  particularly  refer  to  electrochemistry. 


DISCUSSION. 

Mr.  S.  S.  SadtlRr:  I  had  a  little  experience  with  oil  tanks, 
and  the  main  feature  that  came  to  my  notice  was  that  the  soil  may 
be  quite  acid  from  the  sludge  of  the'  oil,  and  it  seems  to  me  that 
a  great  deal  of  the  corrosion  of  the  bottom  of  the  tanks  may  be 
the  chemical  action  of  the  acid  in  the  soil.  It  may  be  electrolytic, 
notwithstanding,  but  it  is  not  from  any  outside  source,  whereas 
in  the  case  of  piping  or  pipe  lines,  it  is  different. 

Mr.  Altrrton  L.  Cushman:  I  will  point  out  that  a  solution 
of  an  electrolyte  in  contact  with  the  surface  of  iron  and  steel,  if  it 
is  slightly  alkaline,  that  is  if  the  concentration  of  the  hydroxyl 
iron  has  not  reached  a  certain  point,  the  corrosion  seems  to  be 
stimulated,  probably  owing  to  the  fact  that  the  chemical  action  of 
the  electrolyte  is  seggregated,  so  to  speak.  That  was  plainly 
brought  out  first  in  the  paper  by  an  Englishman  named  Krubb, 
who  in  the  interest  of  a  water  company  made  some  exhaustive 
tests  of  the  effects  of  different  waters  on  the  surfaces  of  different 
kinds  of  steel.  He  found  that  the  weakly  alkaline  waters  corroded 
and  pitted  his  samples  more  than  the  neutral  water  did,  although 
not  more  than  the  acid  water  did.  He  pointed  out  that  the  pitting 
effect  appeared  to  be  worse  where  there  was  a  weak  alkaline  re¬ 
action.  In  this  case,  if  the  reaction  was  weakly  alkaline,  it  would 
have  just  that  stimulating  effect,  that  Mr.  Knudson  observed. 
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Mr.  C.  F.  Burgess:  The  author  of  the  paper  just  presented 
made  the  statement,  if  I  understood  him  correctly,  that  iron  could 
be  deposited  upon  pebbles,  and  he  gives  some  statements  to  illus¬ 
trate  that  phenomenon.  Did  I  understand  you  correctly? 

Mr.  A.  A.  Knudson  :  Yes,  that  is  correct. 

Mr.  Burgess  :  It  is  very  surprising  to  me,  to  be  told  so  authori¬ 
tatively  that  this  can  be  done.  I  am  unconvinced,  however,  and 
the  specimen  shown  does  not  completely  prove  the  assertion. 
These  pebbles  certainly  have  a  coating  of  iron  in  the  form  of  com¬ 
pound,  but  not  as  a  metallic  iron.  It  may  be  a  hydrate,  or  an 
oxide,  but  I  do  not  think  they  are  coatings  of  metallic  iron.  It 
may  be  possible  that  the  coatings  oxidized  since  taken  out  of  the 
earth,  but  I  should  like  to  be  more  firmly  convinced  of  the  possi¬ 
bility  of  doing  something  which  you  cannot  do  in  the  laboratory — 
that  is,  to  plate  iron  on  a  non-conducting  surface.  Any  surface 
has  to  be  made  conducting,  even  when  coating  with  copper  and 
other  metals,  which  are  very  easily  deposited,  before  you  can  get  a 
metallic  coating. 

Mr.  W.  H.  WagkEr:  I  think  a  possible  explanation  for  the 
appearance  of  the  iron  upon  the  pebbles  mentioned  is,  that  what 
Mr.  Knudson  terms  iron  is  really  oxide  of  iron,  and  deposits  on 
the  pebbles  through  the  migration  of  the  soluble  ferrous  iron  from 
the  pipe  through  electrolysis,  and  subsequent  precipitates  upon  the 
pebbles  as  ferric-oxide  through  the  agency  of  atmospheric  oxida- 
tion.  There  is  no  metallic  iron  on  the  pebbles,  but  only  iron  oxide. 

Prop.  J.  W.  Richards  :  The  deposit  on  the  pebbles  is  not 
magnetic,  so  it  is  not  iron,  at  the  present  time. 

Mr.  Knudson  (communicated) : 

UNITED  STATES  DEPARTMENT  OE  AGRICUETURE. 

OEEICE  OE  PUBLIC  ROADS, 

WASHINGTON,  D.  C. 

November  28,  1908. 

Mr.  A.  A.  Knudson, 

50  Pine  Street, 

New  York  City. 

Dear  Sir: — I  enclose  you  herewith  some  results  obtained  with  the 
samples  of  water  sent  by  you  from  the  bottom  of  your  oil  tanks. 

You  will  see  that  the  corrosion  of  both  iron  and  steel  proceeded  very 
much  more  rapidly  in  the  alkaline  electrolyte  than  it  did  in  the  ordinary 
laboratory  distilled  water.  We  have  found  that  by  increasing  the  alka¬ 
linity  of  the  water  to  about  three  times  its  present  strength  the  corrosive 
action  was  entirely  stopped.  I  did  not  have  sufficient  quantity  of  your 
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water  to  determine  this  exactly  or  to  my  satisfaction.  But  I  feel  sure 
that  if  you  will  add  a  certain  amount  of  sodium  hydrate  to  the  oil  tanks, 
thereby  keeping  the  water  which  collects  in  the  bottom  sufficiently  alkaline, 
you  will  have  no  further  trouble  with  the  rusting  out  and  pitting  of  the 
bottom  plates. 

Very  truly  yours, 

(Signed)  A.  S.  Cushman, 
Assistant  Director. 


UNITED  STATES  DEPARTMENT  OE  AGRICULTURE. 

OFFICE  OF  PUBLIC  ROADS, 

WASHINGTON,  D.  C. 

November  28,  1908. 

Water  from  tanks  of  New  Haven  Gas-Light  Co. 

Water  from  bottom  of  tank  No.  7,  taken  October  16,  1908. 


Non-volatile  solids . 962.8  parts  per  million. 

Alkalinity  equivalent  to . 673.9  parts  KOH  per  million. 


Four  pieces  of  steel  and  four  of  iron  tested  with  air  in  above  water  for 
36  hours  gave  following  losses : 


Iron. 

.0667 

.0560 

.0717 

.0614 


Steel. 

.0887 

.0810 

.0968 

.0922 


.2558  •  •  -3587 


Similar  pieces  of  steel  and  iron  treated  the  same  way  in  distilled  water 
gave  following  losses : 


Iron. 

.0415 

.0326 

•0365 

.0469 


•1575 

Water  from  oil  tank  No.  11,  taken 

Total  non-volatile  solids . 

Alkalinity  equivalent  to . 


Steel. 

.0612 

.0648 

.0602 

.0542 


,2404 

October  20,  1908. 

.  ..1399  parts  per  million. 

. . .  921  parts  KOH  per  million. 


Mr.  W.  S.  Landis  (communicated):  In  regard  to  the  sample  of 
“oxide  of  iron”  taken  from  between  the  chords  of  the  Providence 


Bridge  I  find  it  to  be  composed  of :  • 

Iron  disulphide .  85.19 

Hydrated  iron  oxide .  10*56 

Undetermined  (Si02,  C,  CaO,  etc).. .  4.25 


100.00 
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The  sample  was  about  the  size  of  a  fist,  brittle  and  much  re¬ 
sembled  a  decomposed  pyrite. 

Mr.  Knudson  :  The  term  as  used  in  Prof.  Burgess’  paper, 
“The  Deposition  of  a  Coat  of  Iron,”  was  understood  to  mean 
either  iron  in  a  metallic  state  or  as  ferric-oxide.  All  the  samples 
presented  show  the  coating  of  oxide. 

In  some  of  them,  at  places  where  scraped  with  a  knife  a  metal¬ 
lic  luster,  is  observed  indicating  the  metal ;  these,  however,  will 
not  attract  a  delicately  poised  magnetic  needle. 

In  the  case  of  the  cake  of  oxide  removed  from  between  bridge 
chords,  the  needle  is  attracted  at  a  few  points  on  its  surface 
only.  It  is  our  belief,  therefore,  that  these  deposits  or  coatings 
on  stones,  and  pebbles,  are  almost  entirely  iron  in  the  ferric 
state  and  in  some  rare  cases,  small  particles  of  metallic  iron  can 
be  found. 


A  paper  read  at  the  Fourteenth  General 
Meeting  of  the  American  Electro¬ 
chemical  Society  in  New  York  City, 
October  30,  1908;  President  E.  G. 
Acheson  in  the  Chair. 


THE  PROTECTION  OF  STEEL  AGAINST  CORROSION. 

By  Maximilian  Toch. 

The  extensive  research  work  done  in  investigating  the  under¬ 
lying  causes  of  the  rusting  of  iron  has  given  rise  to  some  theories, 
notably  the  carbonic  acid,  the  peroxide,  and  the  electrolytic,  in 
support  of  which  many  arguments  and  experimental  evidence  have 
been  advanced.  The  important  place  which  iron  and  steel  occupy 
in  the  modern  industrial  field  makes  their  protection  against  decay 
a  matter  of  particular  interest. 

That  carbonic  acid  will  aid  and  accelerate  corrosion  is  evident, 
but  that  its  presence  is  essential  before  rusting  can  take  place  has 
been  clearly  disproved  by  the  work  of  Whitney,  Cushman  and 
Walker.  Dunstan,  Jowett  and  Goulding  have  not  been  able  to 
prove  experimentally  the  existence  of  hydrogen  peroxide  as  a 
transition  product  in  the  corrosive  process.  It  has  also  been 
demonstrated  that  iron  is  not  acted  on  by  a  pure  neutral  solution 
of  hydrogen  peroxide ;  although  rusting  would  take  place  if 
ordinary  peroxide  was  used,  since  this  contains  acid  and  other 
impurities.  The  electrolytic  theory  explains  the  corrosion  of  pure 
iron  in  pure  water  by  the  interchange  of  dissociated  hydrogen 
with  iron,  with  the  liberation  of  the  hydrogen  and  the  solution  of 
the  iron  as  ferrous  hydroxide. 

W.  R.  Whitney  (J.  Amer.  Soc.,  Vol.  25,  No.  4,  April,  1903) 
expresses  this  as  follows :  “Hydrogen  acts  as  a  metal  and  is 
electrolytically  classified  in  the  group  with  copper  when  compared 
with  iron  and  zinc.  That  is,  if  a  cell  were  made  on  the  Daniell 
model,  iron  being  used  instead  of  zinc  and  hydrogen  in  place  of 
copper,  the  cell  would  generate  a  current  when  the  iron  and 
hydrogen  electrodes  were  connected.  Iron  would  then  dissolve 
with  a  velocity  dependent  on  the  total  resistance  of  the  circuit. 
So,  also,  and  for  the  same  reason,  iron  when  placed  in  a  solution 
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containing  hydrogen  ions  will  dissolve  as  the  hydrogen  precipi¬ 
tates,  just  exactly  as  when  placed  in  a  copper  salt  solution.  That 
iron  does  oxidize  or  dissolve  in  all  solutions  containing  appreciable 
quantities  of  hydrogen  ions  is  well  known.  The  electrochemical 
relationship  between  iron  and  hydrogen  is  the  primal  cause  of 
rusting.” 

When  the  technical  side  of  the  question  is  considered  we  have 
to  deal  with  not  only  hydrogen  ions  due  to  the  dissociation  of 
water  as  causing  electrolysis,  but  also  electrolytic  reactions  be¬ 
tween  the  iron  and  the  impurities  or  small  percentages  of  other 
metals  which  are  added  or  are  naturally  present  in  the  material 
and  give  it  desired  properties. 

A.  S.  Cushman  (Bui.  No.  30  of  U.  S.  Dept,  of  Agr.,  July,  1907) 
thus  describes  the  action  which  takes  place  when  a  sheet  of  steel 
or  iron  corrodes :  “If  a  section  of  rolled  metal,  such  as  sheet  or 
plate  is  immersed  in  water,  if  the  electrolytic  theory  is  correct, 
rusting  must  take  place  with  the  establishment  of  positive  and 
negative  spots  or  areas.  As  the  positive  points  iron  will  pass 
into  solution  and  be  rapidly  oxidized  to  the  loose  colloidal  form 
of  ferric  hydroxide  which  is  characteristic  of  rust  formed  under 
these  conditions.  It  is  a  well  known  fact  that  colloidal  ferric 
hydroxide  will  move  or  migrate  to  the  negative  pole  if  subjected 
to  electrolysis.  We  thus  will  obtain  two  separate  effects,  the  one 
in  which  a  positive  center  is  surrounded  by  a  negative  area,  and 
vice  versa.  In  the  first  instance  the  ferrix  hydroxide  would  be 
piled  up  in  a  crate  formation  while  the  metal  is  eaten  out  at  the 
center.  In  the  latter  the  effect  would  be  reversed,  and  the  metal 
would  be  attacked  in  the  surrounding  area  and  hydroxide  piled 
up  in  a  cone  at  the  center.  That  this  is  precisely  what  takes 
place  whenever  a  sheet  of  metal  rusts  under  water  a  low  power 
microscope  very  clearly  shows.” 

The  work  of  different  experimenters  has  shown  that  solutions 
of  various  substances  have  the  power  of  rendering  iron  passive 
for  variable  periods,  the  pacifying  agents  being  alkalies,  chro¬ 
mates  and  chromic  acid,  nitric  acid,  potassium  cyanide  and  other 
substances  of  which,  however,  the  alkalies  and  chromates  are 
the  only  ones  supposed  to  be  of  practical  value.  I  made  experi¬ 
ments  with  a  number  of  rust  inhibiting  substances,  using  samples 
of  steel  obtained  through  the  courtesy  of  the  Union  Pacific  Rail- 


PROTECTION  OP  STEEL,  AGAINST  CORROSION.  209 

road  Company  and  the  American  Bridge  Co.  (U.  S.  Steel  Corp.). 
Special  thanks  are  due  to  Mr.  E.  H.  Harriman,  Mr.  Gerber  and 
Mr.  Millar  for  these  samples. 

Analyses  oe  Steels. 

Carbon  Silicon  Sulphur  Phosphorous  Manganese 


1.  Rail  steel  . 632%  .066%  .025%  .108%  1.10% 

2.  Bridge  steel . 319%  .016%  .022%  .019%  .563% 

3.  Structural  steel . 110%  .029%  .056%  .018%  .340% 

4.  Car  steel  . 289%  .070%  .024%  .002%  .440% 

5.  Rail  sections  and  drill¬ 

ings  . 550%  .100%  .040%  .090%  1.02% 


These  specimens  were  pickled  in  different  solutions  of  various 
strengths  for  periods  of  from  one  hour  to  two  days.  The  paci¬ 
fying  effect  was  a  transitory  one,  lasting  at  most  for  several  days. 
The  object  of  these  experiments  was  to  determine  whether  it  was 
possible  to  subject  iron  and  steel  building  materials  to  some 
pickling  process  so  that  the  passive  state  would  continue  for  pro¬ 
tracted  periods.  To  be  of  utility,  such  a  process  must  be  quick 
and  give  fairly  lasting  effects.  Pieces  of  steel  were  treated  with 
chromic  acid,  calcium  chromate,  and  potassium  bichromate,  using 
solutions  of  strengths  varying  from  two-tenths  to  twenty  per  cent. 
As  an  instance,  a  piece  of  steel  rail  which  stood  in  five  per  cent, 
potassium  bichromate  solution  for  eighteen  hours,  on  being  rinsed 
off  and  allowed  to  lie,  within  one  hour  showed  the  effects  of  cor¬ 
rosion  in  scattered  spots  distributed  over  the  whole  surface. 
Specimens  of  rail,  bridge,  car  and  structural  steel  were  subjected 
to  pickling  in  these  solutions,  with  results  which  show  that  struc¬ 
tural  material  treated  in  this  manner  would  not  be  proof  against 
the  effects  of  a  shower  of  rain  or  standing  in  moist  air,  more 
particularly  when  we  take  under  consideration  the  gases  and 
vapors  found  in  the  air  in  factory  and  manufacturing  districts. 

Steel  plate  in  chromic  acid  20%  sol.  for  6  hrs. — corrosion  in 
2  hours. 

Steel  strip  in  7%  potassium  bichromate  for  2  days — corrosion 
in  2  hours. 

Both  samples  shown  in  ferroxyl  reagent. 

On  trying  samples  of  steel  and  iron  in  ferroxyl  reagent  made 
according  to  A.  S.  Cushman  and  Wm.  H.  Walker,  I  likewise 
found  that  corrosion  took  place  with  the  formation  of  changing 
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positive  and  negative  areas.  However,  when  two  pieces  were 
allowed  to  overlap  or  touch,  the  blue  coloration  always  developed, 
showing  that  iron  went  into  solution  and  rusting  took  place.  The 
formation  of  electro  positive  and  consequently  corroding  areas  in¬ 
variably  occurred  at  the  place  of  contact  between  the  pieces  of 
metal.  Thus,  in  a  steel  or  iron  structure,  although  rusting  might 
take  place  along  the  whole  surface  of  a  girder,  beam  or  plate,  it 
would  be  much  more  active  at  the  points  where  the  pieces  are 
bolted  or  riveted  together.  Since  the  passivity  of  iron  cannot  be 
made  a  fairly  lasting  property,  other  means  must  be  used  to 
protect  metal  structures. 

It  is  universally  admitted  that  the  presence  of  water  is  neces¬ 
sary  before  corrosion  can  take  place,  since  this  is  the  medium 
which  contains  or  supplies  the  hydrogen  ions  which  are  necessary 
for  interchange  with  the  iron.  Thus,  in  order  to  prevent  rusting, 
you  must  either  exclude  water  entirely,  or  have  some  substance 
present  which  will  prevent  the  formation  of  the  hydrogen  ions. 
The  only  way  in  which  this  problem  can  be  solved  is  by  the 
application  of  a  paint  which  will  either  protect  the  surface  by 
being  absolutely  impervious  to  water  and  therefore  resistant  to 
the  hydrolizing  action,  or  one  which  contains  in  itself  either  as 
a  part  of  the  vehicle  or  pigment  some  substance  which  can  pro¬ 
duce  the  passive  state. 

A  little  over  a  year  ago  I  made  some  samples  of  anti-corrosive 
paints  in  which  chromates  were  used.  These  samples  were 
painted  out  on  strips  of  steel  and  exposed  to  the  weather.  From 
time  to  time  the  samples  were  examined  by  removing  a  little  of 
the  paint,  and  after  exposure  for  one  year  the  surface  of  the 
steel  has  been  found  exactly  like  those  samples  which  were  coated 
with  good  paints  only. 

In  a  large  line  of  experiments  pieces  of  steel  were  first  coated 
with  various  soluble  chromates  and  then  coated  with  linseed  oil 
paints  and  bituminous  protective  paints.  Some  pieces  of  steel 
were  coated  with  paints  without  the  application  of  any  inhibiting 
solutions,  and  on  exposure  to  the  elements  it  was  found  that  at 
the  end  of  a  year  the  protective  effect  in  all  the  samples  was 
practically  alike,  depending  largely  upon  the  material  itself,  as, 
for  instance,  ordinary  graphite  paint,  on  account  of  its  thinness 
of  film,  did  not  protect  as  thoroughly  as  either  oxide  of  iron  or 
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red  lead,  for  the  obvious  reason  that  oxide  of  iron  and  read  lead 
produced  thicker  films  which  withstood  the  abrading  action  of 
the  elements. 

Another  series  of  experiments  were  made  in  which  ammonia 
chloride  was  added  to  the  ferroxyl  reagent.  The  addition  of 
ammonium  chloride  hastened  oxidation,  as  is  well  known,  and  it 
was  again  found  when  placing  the  strips  in  a  medium  of  gelatine 
containing  ferroxyl  ammonium  chloride,  the  chromates  retarded 
rusting,  in  some  instances  to  some  extent;  but  in  the  end,  little, 
if  any,  difference  was  noted  between  the  samples  which  were 
dipped  in  the  inhibiting  solutions  and  those  which  were  plain. 

It  must  be  understood  that  this  treatise  is  not  intended  by  any 
means  as  a  criticism  of  the  excellent  work  done  by  Cushman  and 
Walker,  but  simply  deals  with  the  plain  fact  that  steel  used  in 
construction  is  handled  very  roughly  between  the  mill  and  the 
place  of  erection,  and  wherever  abrasions  occur,  rust  is  sure  to 
follow,  whether  an  inhibiting  medium  has  been  used  or  not.  The 
whole  point  which  I  wish  to  make  is  that  up  to  now  no  good 
medium  has  been  devised  for  inhibiting  corrosion  of  iron  or  steel 
in  transit,  for  the  removal  of  the  inhibiting  material  means  the 
removal  of  the  pacifying  agent,  and  it  might  be  well  to  try  the 
experiment  of  sending  structural  steel  without  any  coating  on  it 
whatever,  then  using  a  soluble  or  semi-soluble  chromate,  such 
as  a  mixture  of  calcium  or  zinc  and  potassium  chromate,  applying 
these  materials  after  the  steel  is  in  place,  then  coating  with  the 
usual  protective  paints.  An  experiment  of  this  kind  on  a  stand 
pipe,  steel  stack  or  similar  construction  which  is  not  intended  to 
be  enclosed  in  masonry,  might  show  some  desirable  results.  The 
results  of  the  experiments  made  by  the  author  can  be  summed 
up  as  follows : 

That  after  a  lapse  of  six  months  there  is  no  difference  whatever 
between  the  steel  that  has  been  coated  with  a  good  protective 
coat  and  one  that  has  been  pacified  and  painted  with  a  similar 
coat  of  paint ;  that  the  greatest  danger  lies  in  the  zone  where 
two  pieces  of  steel  come  in  contact,  and  that  at  such  places  an 
alkaline  paint  or  an  electrical  insulating  paint  should  be  placed, 
and  at  such  other  points  where  two  pieces  impinge  or  come  in 
contact. 

Where  rust  has  already  started,  the  chromates  have  no  effect, 
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for  it  appears  that  the  electrochemical  phenomenon  progresses 
just  the  same  as  if  no  inhibiting  medium  were  used. 

It  is  gratifying  to  me  to  be  able  to  acknowledge  publicly  the 
work  which  my  assistant,  Mr.  V.  P.  Krauss,  rendered  in  per¬ 
forming  faithfully  the  experiments  alluded  to. 


DISCUSSION. 

Professor  Ganz  :  I  should  like  to  ask  Mr.  Toch  whether  he 
considers  it  necessary  in  the  case  of  a  pipe  which  has  been  in  the 
ground  for  some  time  to  first  coat  the  pipe  with  some  kind  of 
paint  before  imbedding  it  in  asphaltum,  as  I  have  suggested  ? 

Mr.  T'och  :  Do  you  refer  to  a  gas  pipe  ? 

Professor  Ganz  :  No  sir. 

Mr.  Toch  :  What  kind  of  a  pipe  ? 

Professor  Ganz  :  Wrought  iron,  pipe  for  special  purpose. 

Mr.  Toch  :  It  will  not  be  necessary  to  paint  it  with  oil  paint. 
It  would  be  better  to  apply  an  insulating  paint,  hydrocarbon 
paint,  and  instead  of  pouring  pitch  around  the  pipe,  pour  half 
neat  cement.  This  would  be  just  as  cheap,  and  far  better. 

Mr.  AelErton  L.  Cushman  :  In  regard  to  Mr.  Toch’s  ex¬ 
periment  with  the  inhibition  paint  compound,  Mr.  Toch,  I  suppose 
painted  this  iron,  and  did  not  then  cover  that  with  the  best  ex¬ 
cluding  compound  that  was  available.  The  object  of  the  in¬ 
hibitor  is  to  keep  in  contact  with  the  surface  of  the  steel  a  very 
slightly  soluble  chromate,  so  that  if  any  water  does  get  through 
the  excluding  paint  surface,  it  will  also'  have  to  go  through  the 
inhibiting  surface,  and  when  it  reaches  the  surface  of  the  steel, 
the  water  must  contain  in  solution  some  chromate  of  iron.  The 
question  is  will  it  work  out  practically?  Theoretically  the  idea 
seems  to  be  all  right. 

I  and  my  colleagues  on  a  special  committee  appointed  by  the 
American  Society  for  Testing  Materials  investigated  this  sub¬ 
ject,  and  our  desire  has  been  to  be  extremely  conservative  and 
never  to  state  that  this  was  an  accomplished  fact,  but  that  it  was 
an  interesting  thing,  and  well  worth  practical  investigation,  and 
these  investigations  are  now  in  process  of  being  carried  out.  I 
am  not  surprised  that  in  coating  small  samples  of  steel,  with  in- 
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hibitive  pigments  mixed  in  linseed  oil,  Mr.  Toch  found  these 
compounds  failed,  although  they  were  successful  for  a  short  time. 
That  is  precisely  what  I  should  have  predicted  would  take  place, 
because  being  compounds,  if  they  are  not  protected  they  will 
naturally  leach  or  wash  out  of  the  oil  film  in  time,  and  the  de¬ 
struction  of  the  steel  will  go  on  as  usual.  What  is  the  object  of 
carrying  on  this  test,  if  there  is  already  an  exclusive  compound 
of  any  sort  in  existence  which  will  protect  iron  and  steel?  The 
universal  testimony  of  engineers  who  have  charge  of  large  steel 
structures  is  that  no  such  successful  compound  has  ever  ap¬ 
peared.  If  it  had,  I  and  my  colleagues  in  this  work  certainly 
would  not  waste  our  time  trying  some  others.  As  long  as  there 
is  no  such  thing  as  a  perfectly  successful  paint,  we  consider  that 
this  is  a  legitimate  field  for  experimentation,  but  we  do  not  desire 
to  have  anything  prematurely  said  about  it  for  we  as  yet  have 
absolutely  no  data  in  hand. 

Mr.  Toch  :  In  replying  to  Dr.  Cushman,  I  wish  to  say  that  I 
naturally  was  very  fair  towards  all  samples  and  treated  them  all 
alike,  and  coated  those  with  protective  coatings  which  had  the  in- 
hibitive  material  on  them.  In  actual  practice,  when  a  beam  or 
a  billet  is  coated  at  the  mill  and  carried  fifteen  miles,  or 
fifteen  hundred  miles,  as  is  sometimes  the  case,  and  great  chains 
are  wrapped  around  it  to  hold  it  on  railroad  cars,  and  men  are 
constantly  walking  over  the  beams,  no  protective  coating  of  .001 
of  an  inch  has  been  made  that  will  withstand  these  attacks.  In 
my  experiments,  I  duplicated  this  state  of  affairs  by  scratching 
these  plates,  and  tried  to  duplicate  the  conditions  as  nearly  as 
possible. 

I  did  not  mean  to  imply  that  any  material  was  in  existence 
which  was  perfect,  when  I  spoke  of  red  lead.  I  mean  to  say  that 
none  of  the  experiments  made  with  the  inhibitive  material  where 
the  inhibitive  material  was  used  and  then  painted,  showed  any 
better  than  the  experiments  where  no  inhibitive  material  and  red 
lead  and  other  good  paints  were  used.  That  was  all  I  intended 
to  say.  I  wish  to  further  say  that  I  do  not  want  to  detract  to  the 
smallest  extent  in  anything  I  said  from  the  excellent  work  which 
is  being  done  by  Dr.  Cushman  and  his  associates.  I  simply 
wished  to  say  that  in  my  experience  I  did  not  find  that  the  use  of 
passifying  materials  was  of  any  value  before  paint  was  applied. 
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Paper  read  at  the  Fourteenth  General  Meet¬ 
ing  of  the  American  Electrochemical 
Society,  New  York  City,  October  31, 
1908;  President  E.  G.  Aclieson  in  the 
Chair. 


HEAT  CONDUCTANCES  THROUGH  WALLS  OF  FURNACES. 

-  i 

By  Carl  Hering. 

In  calculating  the  loss  of  heat  through  the  walls  of  furnaces, 
the  cross  section  of  different  parts  of  the  path  of  the  heat  vary 
very  greatly,  as  the  walls  have  a  small  surface  on  the  hot  side 
and  a  large  one  on  the  outside.  For  all  but  large,  relatively  thin 
walled  furnaces,  this  variation  in  cross  section  is  very  great.  To 
use  the  ordinary  average  cross  section,  that  is,  the  arithmetical 
mean,  as  is  usually  done,  it  is  not  rigidly  correct.  In  electrical 
furnaces  in  which  the  heat  is  expensive,  its  loss  by  leakage  is  of 
more  importance  than  in  fuel  furnaces,  hence  it  is  desirable  to 
be  able  to  make  calculations  as  accurately  as  possible,  so  as  to 
prevent  the  loss  as  much  as  possible  by  good  design  and  the  best 
proportions. 

The  purpose  of  this  paper  is  to  give  the  rigidly  correct  results, 
to  deduce  important  and  useful  relations  from  them,  and  to  com¬ 
pare  the  correct  results  with  those  obtained  from  the  approximate 
formulas  in  which  the  simple  arithmetic  mean  is  used. 

The  correct  formulas  are  not  easily  found  in  books,  and  they 
are  too  tedious  to  use  for  the  sometimes  very  numerous  trial  cal¬ 
culations  necessary  before  the  desired  results  are  obtained.  The 
error  in  using  the  approximate  formula  varies  greatly,  being 
sometimes  negligible  and  at  other  times  very  large,  amounting 
to  several  hundred  per  cent.  Hence  a  comparison  of  the  results 
obtained  from  the  correct  and  the  approximate  formulas,  is  of 
importance. 

Such  a  comparison  in  parallel  columns  and  by  means  of  a  pair 
of  curves,  has  the  following  advantages : 

It  shows  the  amount  of  the  error  in  using  the  simpler  approxi¬ 
mate  formula  in  any  particular  case,  and  therefore  enables  one  to 
see  whether  it  is  appreciable  or  not. 
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It  enables  the  results  to  be  calculated  by  means  of  the  simple 
formula,  and  then  corrected  by  the  given  amount. 

It  enables  the  correct  results  to  be  found  directly  from  the 
tables  and  curves  without  calculation,  for  the  ranges  given. 

It  may  enable  better  approximate  formulas  to  be  determined. 

The  rigidly  correct  results  enable  instructive  and  valuable  de¬ 
ductions  to  be  made,  which  it  would  be  very  unsafe  and  even 
dangerous  to  make  with  the  approximate  formulas.  Some  of 
these  deductions  are  quite  surprising.  They  give  one  a  better  in¬ 
sight  into  the  heat  conduction  through  thick  walls  surrounding 
relatively  small  spaces. 

The  correct  results  also  suggest  a  simple  method  by  which  the 
conductivity  k  can  be  determined  under  the  same  conditions 
under  which  it  is  to  be  used  for  calculations;  for  by  measuring 
the  real  loss  under  given  conditions,  and  knowing  the  correct 
formula,  the  true  value  of  k  may  be  readily  calculated. 

The  correct  curves  also  show  graphically  to  what  extent  it  is 
worth  while  increasing  the  thickness  of  the  walls,  because  the 
thicker  they  are  made,  the  greater  will  be  the  cross  section  of  the 
outside  layers,  hence  the  less  will  be  their  insulating  property  per 
inch  of  thickness. 

The  well  known  formula  for  calculating  the  conduction  of  heat 
through  bodies  is 

H  =  ~  kt  (i) 

in  which  H  represents  the  gram  calories  per  second  which  pass 
through  from  one  side  to  the  opposite  one,  if  no  heat  is  lost  on 
the  way ;  S  is  the  cross  section  of  the  body  in  square  centimeters, 
l  its  length  in  centimeters,  k  the  conductivity  found  in  tables  which 
signifies  the  calories  per  second  which  will  pass  from  one  side 
of  a  cubic  centimeter  of  the  specific  material,  to  the  other,  for 
one  degree  Centigrade  difference  of  temperature,  there  being  no 
loss  of  heat  through  the  other  four  sides  of  the  cube ;  t  is  the  dif¬ 
ference  of  temperature  between  the  two  faces,  in  Centigrade  de¬ 
grees. 

Of  all  these  quantities,  5  and  /  are  purely  geometric,  that  is, 
they  are  mere  dimensions  and  have  nothing  to  do  with  any  phy¬ 
sical  constants ;  they  are  constants  for  a  body  of  any  given  shape 
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and  are  independent  of  the  temperature,  the  material  or  any  other 
such  factors.  Hence  they  may  be  considered  by  themselves,  and 
the  relations  between  them  will  always  be  the  same  for  all  bodies 
of  like  size  and  shape.  The  present  paper  deals  with  this  rela¬ 
tion  of  5  and  l  in  such  shaped  bodies  as  constitute  the  walls  of 
furnaces.  The  difficulty  in  determining  the  loss  of  heat  through 
irregularly  shaped  bodies  like  frustrums,  lies  in  this  relation  of 
S'  to  /,  and  when  this  has  been  determined,  the  rest  of  the  calcu¬ 
lation  becomes  very  simple. 

This  quantity  S/l  in  the  above  formula  signifies  the  conduc¬ 
tance  of  any  particular  body  of  a  given  shape  and  size,  for  a 
conductivity  equal  to  unity.  It  might  be  called  a  conductance  fac¬ 
tor.  When  thus  considered  it  can  be  calculated  for  a  body  of  any 
particular  shape,  and  then  is  that  number  which,  when  multiplied 


FLAT  FRUSTRUM. 

by  the  conductivity,  gives  the  total  conductance  of  that  body ;  and 
when  this  conductance  is  again  multiplied  by  the  difference  of 
temperature,  it  gives  the  flow  of  heat  through  the  body.  In  this 
paper  the  true  values  of  this  conductance  factor  have  been  calcu¬ 
lated  for  numerous  ranges  of  thicknesses  in  several  typical  cases. 

It  may  be  claimed  that  the  value  of  k  is  so  uncertain,  that  there 
is  no  need  of  accuracy  in  the  other  factors  of  the  formula.  The 
errors  made  by  the  usual  way  in  which  this  conductance  factor 
is  calculated,  are  however  sometimes  very  great;  moreover  if 
there  are  several  uncertain  factors  in  a  formula,  the  results  will 
be  more  reliable  the  less  the  inaccuracies  and  uncertainties  in¬ 
volved  in  it,  and  it  is  hoped  that  with  the  great  need  of  more  ac¬ 
curate  values  of  k,  they  will  before  long  be  forthcoming. 

For  the  purposes  of  these  deductions,  furnaces  are  best  divided 
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into  three  typical  cases,  spherical,  cylindrical  and  cubical.  Others 
must  be  considered  to  belong  to  the  nearest  typical  form,  or  cal¬ 
culated  by  themselves. 

Fig.  i  shows  a  frustrum  of  a  hollow  sphere,  Fig.  2,  a  wedge 
shaped  frustrum  of  a  hollow  cylinder,  and  Fig.  3  a  flat  frustrum 
whose  two  parallel  sides  are  perpendicular  to  its  axis  and  whose 
cross  section  varies  proportionately  with  the  square  of  the  axial 
length  from  the  center  O ;  no  other  conditions  are  imposed  and  it 
may  therefore  have  any  shape  of  cross  section,  round,  rectangular, 
or  irregular.  In  all  of  them  the  resistance  or  conductance  be¬ 
tween  them  or  thickness  of  the  wall,  being  represented  by  /.  The 
smaller  or  hot  surface  is  s,  the  larger  or  cooler  S. 

To  obtain  rigidly  correct  formulas  recourse  may  be  had  to  the 
corresponding  electrical  formulas,  and  it  is  assumed  that  as  far 
as  these  purely  geometric  relations  are  concerned,  these  formulas 
represent  general  physical  laws,  applicable  to  forces  in  general, 
hence  to  heat  flow  as  well  as  to  the  flow  of  electricity. 

From  the  wealth  of  information  in  the  unpublished  work  of 
Dr.  E.  F.  Northrup,  the  formulas  for  the  electrical  resistances  of 
these  three  typical  forms  of  frustrums  are,  for  a  frustrum  of  a 
hollow  sphere : 


for  a  whole  cylindrical  shell  with  open  ends : 

R  =  ty—  X  nat.  log.  —  ;  (3) 

2  7T  C  P 

and  for  a  pyramidal  frustrum  as  above  defined : 


The  correctness  of  these  formulas,  as  given  here,  is  assumed. 

The  corresponding  approximate  but  much  simpler  formula 
with  which  these  are  to  be  compared,  in  which  the  arithmetic 
mean  is  taken  of  the  two  surfaces  S  and  ^  is 

rl  2  rl 


R  = 


(5  +  s)  -s-  2 


►S  -f-  s 


(5) 
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In  all  of  these,  R  is  the  resistance  in  ohms  between  the  two 
surfaces  S  and  stated  in  square  centimeters,  l  is  the  length  or 
normal  distance  between  the  two  surfaces  in  centimeters,  r  is  the 
resistivity  in  ohm-cubic-centimeter  units,  and  in  the  case  of  the 
cylindrical  one,  P  is  the  outer,  p  the  inner  radius  in  centimeters, 
and  c  the  axial  length  of  this  cylinder  in  centimeters ;  n  is  the  rate 
of  flare  in  Fig.  3,  such  that  5  =  nP2  in  which  P  is  the  perpendicu¬ 
lar  distance  from  the  center  O  to  the  surface  S.  All  these  dimen¬ 
sional  letters  are  shown  in  the  diagrams. 

In  order  to  make  direct  comparisons,  all  these  formulas  must 
be  reduced  to  the  same  terms ;  in  practice,  the  quantities  which 
are  always  known  are  the  surfaces  S  and  s,  and  the  distance  be¬ 
tween  them,  or  thickness  of  wall  l;  hence  the  formulas  should  all 
be  reduced  to  these  common  terms. 

The  formula  for  the  cylinder  is  not  in  a  form  suitable  for  com¬ 
parison  with  the  others,  as  it  is  for  the  whole  cylindrical  shell  and 
not  for  a  portion  of  it.  To  reduce  it  to  a  fractional  part  of  the 
circumference,  and  to  an  expression  which  involves  only  the  quan¬ 
tities  S,  s  and  l,  like  others,  let  e  be  the  circular  length  of  the 
curved  inner  edge  of  the  wedge  shaped  cylindrical  frustrum,  as 
indicated  in  the  diagram ;  then  the  resistance  of  this  fractional 
part  of  the  complete  cylindrical  shell  will  be  2  7 r  P/e  times  that 
of  the  whole  shell ;  hence  the  resistance  of  the  frustrum  will  be 


R  = 


X 
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r 
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+  nat.  log 


P 
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To  reduce  this  to  the  terms  S,  s  and  /,  substitute  S/s  for  P/p,  s 
for  the  surface  ce,  and  for  p  its  value  si  (S-s)  which  is  obtained 
from  the  relations  l  =  P-p  and  P/p  =  S/s;  then  the  resistance  of 
the  frustrum  becomes 


R  =  -Ir-  X  nat.  log  —  (6) 

0-5  5 

For  the  cubical  frustrum  Fig.  3,  2/  —  V  B — V  A ,  and  X  —  4P2 , 
hence  n  —  4,  and  after  making  some  simple  algebraic  reductions, 
equation  (4)  becomes 

rl 
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which  it  will  be  seen  is  the  same  as  equation  (2)  above  for  a 
spherical  frustrum.  Hence  the  comparison  is  reduced  to  only 
two  forms,  the  spherical  or  cubical,  and  the  cylindrical.  It  will 
be  noticed  that  in  the  formula  for  the  cubical  and  spherical  frus- 
trums  the  correct  effective  cross  section  is  the  geometric  mean 
between  the  two  extremes. 

All  these  formulas  apply  equally  well  to  either  frustrums  or 
to  the  whole  of  a  complete  body. 

As  the  natural  or  Naperian  logarithms  are  not  so  convenient 
to  use,  especially  for  fractions  which  may  be  near  to  unity,  for¬ 
mula  (6)  may  be  written 

R  —  2.3026  ^  C0m.  |  J>_  (7) 

b-s  s 

These  formulas  all  apply  equally  well  to  heat  resistance,  if  r 
is  the  heat  resistivity,  that  is,  the  reciprocal  of  the  heat  conduc¬ 
tivity  stated  in  C.  G.  S.  units  (gram  calories  per  second  for  one 
cubic  centimeter  and  one  degree  Centigrade),  and  R  is  the  total 
heat  resistance  in  the  same  units.  Then  the  heat  passing 
through  such  a  body  in  gram  calories  per  second  is,  analogously 
to  Ohms  law 

h=Jr  (8) 

in  which  t  is  the  difference  of  temperature  between  the  two  sur¬ 
faces. 

With  the  above  formulas  the  heat  lost  through  the  walls  of 
spherical,  cylindrical  and  rectangular  furna.ces  can  therefore  be 
determined  directly.  But  they  are  somewhat  tedious  to  use,  when 
numerious  trial  calculations  have  to  be  made,  particularly  the  one 
for  cylinders.  The  approximate  formula  (5)  is  therefore  more 
generally  used. 

It  must  be  clearly  understood  that  formulas  (1)  and  (8)  and 
any  deductions  made  from  them,  refer  to  the  temperatures  of  the 
heat  conductor  at  its  two  end  surfaces  and  have  no  reference  to 
the  surface  contact  resistances  between  the  heating  or  the  cooling 
gases  or  liquids;  these  must  of  course  be  added  if  they  are  ap¬ 
preciable. 

It  must  also  be  understood  that  the  conductivity  of  most  heat 
insulators  varies  with  the  temperature,  sometimes  very  decidedly. 
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In  the  formulas  here  given  it  is  assumed  that  the  conductivity  is 
the  mean  for  the  particular  range  of  temperature  of  any  given 
case. 

The  present  investigation  however  deals  primarily  only  with 
the  question  of  what  shall  be  used  as  the  mean  or  average  cross 
section  in  formula  (i)  for  such  frustrums,  or  as  the  result  can¬ 
not  be  given  in  just  that  form,  it  deals  with  the  part  S/l  in  that 
formula,  and  therefore  is  not  concerned  with  either  the  conduc¬ 
tivity  or  the  temperature.  It  deals  with  the  conductance  for  a 
conductivity  of  unity ;  it  is  like  the  calculation  of  the  electrical 
resistance  of  an  odd  shaped  body  for  a  resistivity  of  unity,  there¬ 
fore  independently  of  the  material;  the  actual  resistance  being 
then  readily  determined  by  multiplying  by  the  resistivity  of  the 
particular  material  used. 

In  what  follows,  conductances  will  be  used  instead  of  resis¬ 
tances,  as  the  former  are  more  generally  used  in  calculations  of 
heat;  hence  the  results  apply  to  formula  (i)  rather  than  (8),  al¬ 
though  in  the  opinion  of  the  writer,  when  the  walls  of  furnaces 
are  composite,  it  is  much  simpler  to  use  resistances  instead  of 
conductances.* 

The  following  tables  were  calculated  and  curves  drawn,  for 
the  three  typical  forms,  spheres,  cubes,  and  cylinders,  from  both 
the  correct  and  approximate  formulas,  and  for  the  range  of 
thickness  likely  to  be  used  in  practice.  They  will  be  referred  to 
below  more  specifically.  In  general,  and  for  the  purpose  of  mak¬ 
ing  comparisons  and  reducing  the  number  of  tables  and  curves, 
the  inside  diameter  of  the  sphere  or  cylinder,  or  the  inside  edge  • 
of  the  rectangular  furnace,  has  been  made  the  unit  of  comparison, 
and  the  thickness  of  wall,  l ,  has  been  given  in  terms  of  this  di¬ 
ameter;  thus  /  —  i  means  that  the  thickness  is  equal  to  the  di¬ 
ameter.  The  thicknesses  l  in  the  tables  and  curves  must  therefore 
be  multiplied  by  the  diameters  in  any  particular  case  to  reduce 
them  to  actual  inches  or  centimeters. 

The  tables  give  the  two  results  in  parallel  columns,  so  that  the 
differences  are  readily  seen.  The  ratio  between  them  is  also 
given,  so  that  the  results  may  be  calculated  by  means  of  the  sim¬ 
ple  formula  and  then  multiplied  by  the  correction  factor,  if  it  is 
appreciable. 

*See  “Heat  Conductance  and  Resistance  of  Composite  Bodies.”  Hering. 
Electrochem.  and  Metallurgical  Industry,  Jan.,  1909,  p.  11. 
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The  figures  in  the  tables  have  been  determined  in  such  units 
that  they  may  be  used  directly,  thus  saving  all  or  nearly  all  cal¬ 
culation,  when  the  thickness  of  the  particular  wall  corresponds 
with  one  of  the  numbers  given.  This  will  be  explained  more 
specifically  below. 


The  curves  in  Fig.  4  have  been  so  drawn  to  scale,  that  they 
show  at  a  glance  how  the  heat  loss  diminishes  as  the  thickness  of 
the  walls  increase.  For  a  diameter  of  unity,  the  ordinates  are  nu¬ 
merically  equal  to  the  conductances  for  a  conductivity  of  unity, 
that  is,  they  are  the  numerical  values  of  S/l  in  formula  (1)  ;  they 
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are  therefore  proportional  to  the  heat  losses  and  need  only  to  be 
multiplied  by  the  conductivity  k,  and  the  temperature  drop  t,  and 
sometimes  by  the  diameter  also,  for  any  given  case,  to  give  the 
actual  heat  loss. 

The  distances  to  the  right  of  the  point  O,  represent  the  thick¬ 
nesses  /  of  the  surrounding  walls  in  terms  of  the  diameter  or  of 
the  edge  of  the  cube.  Thus  it  will  be  seen  that  for  thin  walls  the 
heat  loss  diminishes  very  rapidly  as  the  thickness  increases,  but 
for  the  thicker  ones  the  decrease  of  the  loss  becomes  very  small ; 
hence  a  point  is  reached  where  it  would  be  of  little  value  to  still 
further  increase  the  thickness. 

The  reason  for  this  is  that  the  real  mean  cross  section  increases 
very  fast  for  thicker  walls,  almost  as  fast  as  the  thickness,  and 
hence  the  quotient  between  them,  namely,  the  factor  S/l  in  (1) 
changes  but  very  little. 

Incidentally,  it  may  be  remarked  here  that  there  are  two  pos¬ 
sible  ways  of  still  further  decreasing  this  loss  of  heat  through 
the  walls,  which  are  the  diametrical  opposites  of  each  other.  One 
is  to  diminish  the  temperature  drop  t,  say  by  heating  the  outside 
of  the  furnace  with  cheap  fuel  heat,  as  for  instance  by  placing 
the  electric  furnace  inside  of  a  gas  or  fuel  furnace.  From  for¬ 
mula  (1)  it  is  evident  that,  all  others  things  being  the  same,  the 
loss  is  less  the  smaller  the  drop  of  temperature  t.  The  other 
method  is  to  increase  the  temperature  drop  t,  say  by  water  cooling 
the  outside.  Both  methods  have  been  used  with  apparent  success. 
The  explanation  of  this  apparent  anomaly  is  outside  of  the  prov¬ 
ince  of  this  paper,  which  deals  only  with  the  geometric  relations, 
but  apparently  is  merely  a  question  of  whether  the  product  of 
k  X  t  in  (1)  becomes  less  or  greater. 

The  curves,  Fig.  4,  also  enable  one  to  find  directly  the  value  of 
the  thickness  /  for  any  given  loss,  which  if  calculated  would  be 
quite  a  tedious  operation  for  cylindrical  walls,  as  it  involves  the 
equation  ax  log  bx  =  c.  The  method  of  getting  this  value  from 
the  curves  will  be  described  below. 

Let  us  now  consider  the  several  typical  forms  more  specifically. 
The  spherical  type  is  the  theoretically  best  form  as  it  has  the 
smallest  cross  section  of  the  insulator  (normally  to  the  radius) 
for  a  given  interior  volume.  All  other  forms  are  worse ;  the  cyl- 
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indrical  comes  next  and  the  rectangular,  which  is  perhaps  the 
most  common,  is  the  worst. 

In  the  curves,  the  full  line  represents  the  correct  results,  and 
the  dotted  line  those  obtained  from  the  approximate  formula. 
The  latter,  it  will  be  seen,  differs  little  from  the  true  curve  for 
small  thicknesses,  not  used  in  practice,  but  departs  very  greatly 
from  it  for  the  more  usual  range  of  thicknesses ;  it  even  has  a 
minimum  point  for  a  thickness  equal  to  about  of  the  diameter, 
beyond  which  the  loss  would  increase  again  for  greater  thick¬ 
nesses,  which  of  course  cannot  be  correct. 

In  general  the  loss  calculated  from  the  approximate  formulas 
is  the  greater  of  the  two,  and  hence  the  calculation  is  on  the  safe 
side.  This  appears  to  be  borne  out  in  practice  in  which  the  actual 
losses  were  found  to  be  smaller  than  those  calculated  with  this 
approximate  formula.  But  the  difference  seems  too  great  to  be 
overlooked  in  electrical  furnaces,  in  many  of  which  the  pre¬ 
determined  results  are  a  criterion  as  to  whether  the  actual  con¬ 
struction  shall  be  undertaken  or  not.  In  a  recent  case  in  the 
writer’s  practice,  the  entire  function  of  an  electrical  furnace  was 
to  maintain  the  material  at  a  given  temperature,  and  not  to  do 
any  melting  or  heating;  hence  the  amount  of  loss  through  the 
walls  was  the  only  heat  to  be  supplied  electrically,  and  its  correct 
predetermination  was  therefore  of  great  importance. 

The  curves  show  that  beyond  a  thickness  equal  to  a  little  less 
than  the  diameter,  there  is  little  to  be  gained. 

In  order  to  show  graphically  how  very  important  it  is  to  reduce 
the  inside  of  a  furnace  to  the  smallest  possible  to  hold  the  neces¬ 
sary  amount  of  material,  Fig.  5  has  been  drawn.  It  shows  what 
the  thickness  of  the  walls  of  a  spherical  furnace  must  be  when 
the  inside  diameter  is  doubled,  trebled,  quadrupled,  the  actual 
loss  being  always  the  same.  The  increase  will  be  seen  to  be  sur¬ 
prisingly  great.  The  volumes  of  the  insulating  material  are  given 
and  will  be  seen  to  increase  very  rapidly,  being  about  2,500  times 
as  great  for  the  largest  one  as  compared  with  the  smallest  one. 
If  these  four  hollow  spheres  were  made  of  an  electrical  conductor, 
the  resistance  from  the  inside  to  the  outside  will  be  the  same  in 
all  of  them. 

These  diagrams,  Fig.  5,  are  for  an  equal  loss  and  merely  show 
the  great  importance  of  not  wasting  any  room  in  the  inside,  be  the 
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furnace  a  large  one  or  a  small  one;  they  do  not  mean  that  fur¬ 
naces  should  not  be  made  large.  The  volumes  of  the  interiors  of 
these  increase  as  the  cubes  of  the  diameters  and  hence  are  as  1  to 
8  to  27  to  64.  For  the  same  relative  loss,  considering  the  in¬ 
creased  interior  capacity,  that  is,  for  the  same  loss  per  unit  vol¬ 
ume,  the  thicknesses  will  be  shown  in  Fig.  6.  It  will  be  seen 


Figs.  5,  6,  7  and  8. — comparative  drawings,  showing  same  actual  loss  and  same 

RELATIVE  LOSS. 

that  in  this  case  the  thickness  becomes  very  great  for  the  smaller 
ones  and  very  small  for  the  larger  ones,  becoming  nearly  constant. 
The  volume  of  the  insulation  for  the  smaller  one  is  even  far 
greater  than  for  the  larger  ones. 


♦ 
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This  shows  in  an  equally  striking  way  the  very  great  importance 
of  using  as  large  a  furnace  as  possible,  that  is,  it  shows  that  the 
loss  of  heat  per  cubic  foot  interior  capacity,  can  be  made  very 
much  less  for  a  large  than  for  a  small  one,  which  means  that  the 
heat  efficiency  can  be  made  much  higher  for  the  larger  ones.  The 
earth  considered  as  molten  mass  surrounded  by  a  solid  shell,  is  a 
g-ood  illustration  of  this  case,  a  relatively  thin  shell  being  sufficient 
to  insulate  it  very  effectively.  The  explanation  is  that  the  volume 
of  the  inside  increases  very  rapidly  with  an  increase  of  the  di¬ 
ameter,  hence  the  loss  per  unit  volume  becomes  small.  But  it 
must  not  be  forgotten  that  as  Fig.  5  shows,  it  is  very  important 
not  to  waste  any  space  in  it. 

It  can  also  be  shown  from  these  data  that  for  the  same  rela¬ 
tive  thickness,  the  loss  in  spherical  furnaces  increases  as  the  di¬ 
ameter.  That  is,  if  the  thicknesses  in  all  of  the  several  furnaces  is 
say  of  the  diameter,  the  losses  will  increase  as  the  diameters ; 
but  as  the  cubical  contents  of  the  inside  increase  as  the  cube  of 
the  diameters,  the  loss  per  cubic  foot  of  interior  space,  that  is, 
per  unit  capacity,  will  diminish  rapidly  as  the  furnaces  become 
larger. 

In  the  comparisons  shown  graphically  in  Figs.  5,  6  and  7,  it 
should  be  remembered  that  a  thick  wall  must  be  increased  very 
greatly  to  make  it  appreciably  better ;  hence  those  shown  with  very 
thick  walls  would  be  nearly  as  good  with  a  greatly  diminished 
thickness,  and  should  therefore  be  considered  as  extreme  cases 
cited  to  illustrate  the  laws,  and  not  as  giving  the  best  proportions 
to  be  used  in  practice.  Instead  of  using  such  extremely  thick 
walls,  one  would  naturally  sacrifice  a  slightly  greater  loss  of  heat. 

Table  I  gives  the  numerical  values  for  the  spherical  type.  The 
first  column  is  the  thickness  expressed  in  terms  of  the  diameter  d; 
hence  for  any  particular  case  these  numbers  must  be  multiplied 
by  d  to  reduce  them  to  inches  or  centimeters.  The  next  column 
gives  the  rigidly  correct  heat  conductances  C  (for  unit  conduc¬ 
tivity)  that  is,  the  factor  S/l  in  the  general  formula  (1),  also  in 
terms  of  the  diameter  as  a  unit ;  hence  for  any  particular  case 
these  values  must  also  be  multiplied  by  d.  Both  l  and  C  are  cor¬ 
rect  numerically  for  either  inches  or  centimeters,  being  mere  ra¬ 
tios  or  factors.  C'  are  the  corresponding  values  of  C  but  calcu¬ 
lated  by  means  of  the  usual  approximate  formulas  in  which  the 
cross  section  is  taken  as  the  average  between  the  two  extremes. 
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The  last  column  gives  the  correction  factor  F,  namely,  the  ratio 
of  the  correct  to  the  approximate  values ;  this  enables  the  calcula¬ 
tions  to  be  made  by  means  of  the  simple  approximate  formula 
and  then  multiplied  by  this  factor  which  will  reduce  them  to  the 
correct  values. 

To  illustrate  the  use  of  this  table  by  an  example,  let  the  inside 
diameter  of  a  spherical  furnace  be  15  inches;  let  the  thickness  of 
the  walls  be  9  inches ;  required  the  head  conductance  for  a  con¬ 
ductivity  of  unity.  The  relative  thickness  l/d  will  be  9/15  =  .6, 
that  is,  the  thickness  is  .6  of  the  diameter.  From  the  table  op¬ 
posite  .6  the  correct  conductance  is  1 1.5 ;  multiplying  this  by  the 
diameter  15,  gives  172.5  in  inch  units. 

If  this  material  is  say  infusorial  earth,  having  a  conductivity  in 
gram  calorie,  cubic  inch  units,  of  k  —  .001,  and  if  the  fall  of  tem¬ 
perature  between  the  inside  and  the  outside  is  7OO°0,  then  accord¬ 
ing  to  formula  ( 1 )  the  heat  loss  through  it  will  be 

H  —  172.5  X  .001  X  700  —  121.  gram  cal.  per  sec. 

If  the  relative  thickness  is  not  one  of  those  given  in  the  table, 

or  if  for  any  other  reason  it  is  desired  to  calculate  the  conductance 
or  the  heat  loss  by  means  of  the  approximate  formula,  then  multi¬ 
ply  the  result  by  the  correction  factor  corresponding  to  about  .6, 
namely,  .75. 

Suppose  the  loss  is  limited  in  the  above  cases  to  100  cal.  per 
sec.  and  it  is  desired  to  find  the  necessary  thickness  of  this  ma¬ 
terial  to  make  it  so.  The  corresponding  conductance  from  (1) 

must  be  100  -f-  (  .001  X  700  )  =  143.  Divide  this  by  the  diam¬ 

eter  15,  giving  9.5.  From  the  table  this  value  of  C  lies  between 
/  =  .9  and  l  —  1.0,  or  from  the  curves  it  is  seen  to  be  about  .98, 
hence  the  required  thickness  will  be  .98  times  the  diameter  15,  or 
14.7  inches. 

The  results  for  the  cubical  furnace  are  given  in  Table  II  and  in 
the  curves.  They  are  in  all  respects  similar  to  those  of  the  spher¬ 
ical. 

The  curves  and  tables  show  that  the  conductances  (and  there¬ 
fore  the  heat  losses)  will  be  1.910  times  or  about  twice  as  great 
as  those  of  the  spherical  form,  for  the  same  thicknesses  and  the 
same  diameter  or  edge,  but  it  must  be  remembered  that  the  con¬ 
tents  of  a  cube  is  nearly  double  that  of  its  inscribed  sphere,  hence 
the  difference  is  not  what  is  seems  at  first  sight. 

Comparing  a  sphere  with  a  cube  whose  edge  is  equal  to  the 
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diameter  of  the  sphere,  both  having  the  same  thickness  of  walls, 
it  will  be  found  that  the  loss  per  unit  of  volume  is  the  same  in 
both.  Hence  in  this  sense  the  cubical  form  is  no  worse  than  the 
spherical.  A  sphere  and  its  circumscribed  cube  have  the  same 
surface  per  unit  volume.  But  a  cubical  furnace  whose  inside  vol¬ 
ume  is  equal  to  that  of  a  given  spherical  one,  will  have  an  edge 
which  is  less  than  the  diameter  of  the  sphere ;  hence  for  the  same 
relative  thickness  of  walls  (l/d)  the  loss  will  be  considerably 
greater  for  the  cubical  furnace ;  its  conducting  surfaces  will  be 
greater.  It  follows  therefore  that  for  a  given  interior  volume,  and 
the  same  relative  thickness  of  walls,  a  spherical  furnace  is  more 
economical  in  heat  loss,  than  a  cubical  one. 

For  equal  losses  Fig.  7  shows  the  rapid  rate  at  which  the  neces¬ 
sary  insulation  increases ;  these  figures  correspond  with  those  of 
Fig.  5  for  the  sphere,  and  the  wall  thicknesses  are  the  same. 

For  the  same  relative  loss,  that  is,  for  the  same  loss  per  cubical 
contents,  the  results  correspond  with  those  shown  in  Fig.  6  for  the 
sphere. 

For  the  same  relative  thickness  the  losses  are  proportional  to 
the  length  of  the  edge,  like  with  the  spherical  form. 

The  numerical  values  are  given  in  Table  II.  Tike  with  the 
sphere,  the  numbers  in  the  three  colums  must  be  multiplied  by 
the  length  of  the  edge,  to  reduce  them  to  numerical  volumes  for 
any  particular  case. 

Lastly,  the  results  for  the  cylindrical  furnace  are  given  in 
Table  III  and  in  the  corresponding  curves.  These  are  not  directly 
comparable  with  the  others,  because  they  are  only  for  one  unit 
length  of  a  supposedly  infinitely  long  cylinder,  and  only  for  the 
cylindrical  part.  They  must  be  multiplied  by  the  length  of  the 
cylindrical  part,  and  the  heat  loss  at  the  two  ends  must  be  added. 
Even  then  there  is  a  slight  error  at  the  circular  corners,  as  the 
results  in  these  tables  refer  only  to  a  cylinder  whose  outside  and 
inside  axial  lengths  are  the  same,  as  shown  in  Fig.  2.  They  are 
therefore  strictly  applicable  only  to  long  cylinders  and  do  not 
include  the  flat  ends.  They  are  correct  however  for  comparing 
different  cylinders  with  each  other. 

The  dotted  and  full  curves  show  that  the  approximate  formula 
is  much  more  nearly  correct  in  this  case,  and  it  has  the  same  gen¬ 
eral  character.  Not  only  are  the  actual  differences  less,  but  the 
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percentage  differences  are  less  also,  as  seen  from  the  correction 
fectors  F  in  Table  III.  Up  to  a  thickness  equal  to  the  diameter, 
the  errors  in  using  the  approximate  formula  are  within  10%. 

For  cylinders  it  will  be  seen  that  the  conductances  are  inde¬ 
pendent  of  the  diameters,  when  the  relative  thicknesses  are  the 
same.  Hence  the  values  of  C  and  C'  in  the  table  are  not  to  be 
multiplied  by  d,  like  in  the  others.  It  must  be  remembered  how¬ 
ever,  that  these  conductances  are  for  only  one  unit  axial  length  of 
the  shell  and  must  therefore  be  multiplied  by  the  length  in  inches, 
centimeters  or  whatever  unit  is  used  for  the  other  dimensions. 

That  the  loss  is  the  same  for  any  given  relative  thickness,  l/d, 
is  well  shown  in  Fig.  8,  which  corresponds  with  Figs.  5  and  7,  and 
in  which  the  thickness  merely  increases  with  the  diameter.  These 
however  should  not  be  compared  directly  with  those  in  Figs.  5  and 
7,  because  they  are  only  for  one  unit  of  length ;  the  smaller  one 
therefore  is  a  cylinder  whose  length  is  equal  to  its  diameter,  a  so- 
called  square  cylinder,  because  both  are  unity;  while  the  largest 
one  is  four  units  in  diameter,  but  only  one  unit  long,  and  repre¬ 
sents  therefore  a  mere  flat  ring. 

For  the  same  relative  thickness  or  the  same  heat  loss  and  the 
same  length,  the  volume  of  the  insulation  will  be  found  to  in¬ 
crease  as  the  square  of  the  diameter. 

To  calculate  the  total  loss  in  a  cylindrical  furnace  with  closed 
ends,  one  should  first  determine  the  conductances  of  the  cylindrical 
shell  from  these  tables  or  curves,  and  then  add  that  of  the  ends 
as  found  from  the  tables  for  the  cubical  type,  which  are  frustrums 
like  Fig.  3.  The  sum  of  these  conductances  are  then  used  in 
formula  (1)  for  determining  the  total  heat  loss. 

The  above  tables  and  curves  apply  not  only  to  the  complete 
enclosures,  but  also  to  any  parts  of  furnace  walls,  that  is,  to  frus¬ 
trums,  like  the  flat  ends  of  cylinders,  for  instance.  For  flat  or 
plane  frustrums  having  different  slopes  from  those  forming  a 
cube,  the  center  must  first  be  found  by  prolonging  the  slanting 
sides  until  they  meet ;  then  the  quantity  d  referred  to  above  is 
twice  the  perpendicular  distance  from  this  center  to  the  inside 
surface ;  this  must  be  found  in  order  to  determine  the  relative 
thickness  l/d  on  which  the  table  and  curves  are  based. 

Oblong  rectangular  furnaces  cannot  be  represented  by  any  one 
typical  form,  as  they  vary  in  all  three  dimensions  and  according 
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to  different  laws.  Hence  no  general  tables  or  curves  can  be  given 
for  them.  But  just  as  the  cubical  form  follows  the  same  laws  as 
the  spherical,  so  the  middle  part  of  a  long  rectangular  furnace 
(exclusive  of  the  ends)  follows  the  same  laws  as  the  cylinder. 
Hence  the  conductances  of  a  long  rectangular  furnace  may  be  cal¬ 
culated  by  imagining  the  ends  cut  off  at  such  a  length  that  when 
fitted  together,  they  form  a  cube.  The  conductance  of  this  part 
is  then  calculated  as  a  cube,  and  that  of  the  remaining  central  part, 
as  a  cylinder.  Or  the  conductances  of  each  of  the  six  sides  can 
be  calculated  separately  as  plane  frustrums  and  added  together. 
Until  the  conductivities  k  are  known  with  greater  precision,  great 
accuracy  in  calculating  these  geometric  factors  of  the  conduc¬ 
tances,  is  not  so  necessary. 

The  above  comparisons  of  the  rigid  and  the  approximate  formu¬ 
las,  also  enable  new  approximate  ones  to  be  determined,  which 
are  far  more  exact  over  the  usual  ranges  of  thicknesses.  The  rigid 
ones  for  the  sphere  and  cube  look  simple,  but  they  involve  a 
square  root  determination,  which  unless  done  with  a  slide  rule,  is 
tedious ;  the  one  for  the  cylindrical  type  requires  a  table  of 
logarithms,  and  even  then  it  involves  quite  a  little  calculating.  Ap¬ 
proximate  formulas  which  do  not  involve  these  objectionable  fea¬ 
tures,  and  are  more  accurate  than  the  usual  ones,  may  therefore  be 
of  use. 

For  the  correction  factors  F  in  Tables  I  and  II,  which  will  be 
seen  to  be  the  same,  the  following  approximate  formula  is  readily 
deduced  for  spherical  or  cubical  frustrums  or  complete  enclos¬ 
ures.  It  gives  the  conductance  C  for  unit  conductivity,  that  is,  it 
gives  the  quantity  represented  by  S/l  in  formula  (1). 

(■-•<?)  <»> 

This  is  merely  the  old  approximate  formula  (in  which  the  or¬ 
dinary  average  or  arithmetic  mean  is  taken  for  the  cross  section), 
multiplied  by  the  simple  factor  (1  —  .41/d)  which  is  readily  de¬ 
termined  and  will  be  found  to  be  approximately  F  of  the  tables. 
It  is  correct  within  about  1  per  cent,  between  thicknesses  of  .4  to  1 
times  the  diameter,  and  within  7  per  cent,  up  to  relative  thickness 
of  1.5.  Although  this  may  appear  at  first  sight  more  complicated 
than  the  correct  one 
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it  will  be  found  to  involve  less  calculating  as  the ’correction  fac¬ 
tor  is  very  easily  determined.  For  slide  rule  calculations  the  cor¬ 
rect  formula  is  too  simple  to  need  to  be  replaced  by  an  approxi¬ 
mate  one. 

Similarly  for  the  cylinder  the  following  may  be  used 

c  =  C1— -1  l\d)  (JI) 

This  is  correct  within  about  3  per  cent,  up  to  thicknesses  of  about 
twice  the  diameter.  If  the  factor  .1  is  made  .085,  it  becomes  very 
exact  for  that  range.  This  form  is  much  more  convenient  than  the 
exact  one  which  necessarily  involves  a  table  of  logarithms. 


addendum'. 


Since  this  paper  was  written,  the  writer  has  noticed  the  fol¬ 
lowing  simplification  of  the  correct  formula  for  the  spherical  and 
the  cubical  types,  which  avoids  the  square  root  calculations. 

For  complete  spheres  the  outside  and  inside  surfaces  F  and  s 
may  be  replaced  by  their  values  in  terms  of  the  respective  di¬ 
ameters,  D  and  d,  the  larger  one  D  being  equal  to  d  -}-  2  l  and  is 
therefore  easily  measured  or  calculated.  It  can  then  be  shown 

that  the  quantity  V Ss  is  equal  to  7r  Dd}j  hence  the  correct  formula 
becomes  simply 


C  = 


7 r  Dd 

T 


(12) 


which  is  as  simple  as  could  be  desired. 

This  is  only  for  a  whole  sphere.  If  any  particular  frustrum  of 
a  sphere  is  concerned  and  if  it  is  convenient  to  express  it  as  a 
fraction  of  a  sphere,  then  this  same  formula  may  be  used,  multi¬ 
plied  by  this  fraction. 

Similarly  for  a  cubical  furnace  the  correct  formula  can  be  re¬ 
duced  to 


6  Dd 


(13) 


C  = 


l 
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in  which  D  is  the  outside  edge  and  is  equal  to  d  +  2 1- 
one  side  it  would  of  course  be  1  /6  of  this  or 

Dd 
~  I 

which  therefore  is  the  correct  formula  for  such  frustrums  as  con¬ 
stitute  the  sides  of  a  cube. 


For  any 


(14) 


DISCUSSION. 

Mr.  Henry  D.  Hibbard:  Referring  to  the  four  diagrams  (Fig. 
5)  representing  the  four  furnaces,  I  understood  Mr.  Hering  to 
say  that  the  losses  are  the  same  in  all ;  does  he  mean  the  same 
absolute  loss  or  same  proportional  loss? 

Mr.  Hering:  The  same  absolute  loss.  The  idea  of  these  four 
diagrams  is  to  show  that  for  a  given  loss  it  is  of  great  importance 
to  reduce  the  size  just  as  much  as  possible.  (Since  the  paper  was 
read  I  have  added  Fig.  6  to  show  the  conditions  for  the  same  rela¬ 
tive  or  proportionate  loss.) 

Mr.  P.  McN.  Bennie:  Considering  Mr.  Hering’s  diagrams, 
from  the  point  of  view  of  one  who  has  to  operate  furnaces,  it  is 
evident  that  the  matter  of  intelligent  heat  insulation  is  very  much 
neglected.  We  have  been  running  for  a  long  time  electric  fur¬ 
naces  on  the  plan  here  suggested  by  Mr.  Hering,  of  using  an  en¬ 
velope  of  burning  gas  as  an  insulator.  There  is  one  type  of  elec¬ 
tric  furnace  where  a  gas  envelope  exists  naturally,  as  in  the  car¬ 
borundum  furnace.  In  calculating  the  efficiency  of  such  furnaces 
it  has  often  been  remarked  that  there  is  a  very  large  loss,  due  to 
the  burning  of  this  valuable  gas  outside  of  the  furnace.  I  do  not 
think  such  is  the  fact,  because  the  envelope  of  burning  gas  is  act¬ 
ing  as  a  heat  insulator  by  reducing  the  difference  in  temperature 
between  the  outside  and  inside  of  the  furnace. 

We  have  been  running  for  two  years  or  more  an  electric  fur¬ 
nace  in  which  we  have  intentionally  used  a  burning  gas  envelope 
for  the  purpose  of  heat  insulation,  in  which  the  efficiency  is  very 
high.  The  burning  gas  produces  a  certain  temperature  and  the 
heat  thus  obtained,  per  dollar  expended,  is  very  much  cheaper 
than  the  heat  got  by  means  of  electricity,  per  dollar  expended,  so 
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if  one  reduces  the  difference  in  temperature  by  means  of  the 
cheaper  method  of  getting  heat  there  is  an  increase  in  efficiency 
and  economy. 

Mr.  C.  F.  Carrier,  Jr.  :  Mr.  Hering’s  factor  k,  the  coefficient 
of  conductivity,  as  I  understand  it,  is  a  variable,  and  not  a  constant, 
that  is,  as  the  material  cools,  this  constant  decreases.  I  was  not 
aware  that  the  coefficient  of  heat  conductivity  changed  with  the 
temperature.  When  a  furnace  is  water  cooled,  I  cannot  see  how 
the  loss  of  heat  is  reduced.  The  heat  is  carried  in  the  cooling 
water,  instead  of  passing  into  the  air. 

Mr.  Hiring:  The  factor  k  not  only  varies,  but  varies  very 
much,  with  the  temperature,  so  that  it  is  very  necessary,  if  one 
expects  the  calculated  results  to-  be  at  all  similar  to  what  one  gets 
in  practice,  to  see  that  one  uses  the  proper  value  of  k. 

Mr.  John  C.  Parker:  In  regard  to  the  suggestion  of  Mr. 
Hering,  in  reference  to  the  water  cooling  of  the  outside  of  a  fur¬ 
nace,  I  do  not  quite  see  how,  even  with  a  variable  conductivity  k, 
such  a  beneficent  result  could  follow  from  the  outside  cooling,  for 
the  reason  that  in  the  spherical  furnace  for  example,  the  inner 
surface  and  the  outer  surface  are  homologous  concentric  surfaces 
of  equal  temperature.  The  outside  cooling  has  the  effect  of  push¬ 
ing  the  the  isotherm  which  is  at  the  surface  with  air  cooling,  back 
into  the  mass  of  the  furnace.  Now,  if  we  push  that  isotherm 
back  into  the  mass  of  the  furnace,  immediately  we  get  a  greater 
temperature  gradient  from  the  surface  to  the  point  to  which  the 
initial  isotherm  has  been  pushed  back.  The  greater  temperature 
gradient  immediately  presupposes  a  greater  flow,  and  that  would 
mean  that  in  order  to  cool  the  outer  surface  we  must  have  a 
greater  flow  of  heat  from  the  interior  of  the  furnace  to  the  out¬ 
side. 

I  would  like  to  ask  whether  in  the  insulation  of  this  electric 
furnace  it  is  not  possible  to  accomplish  some  economy  of  heat  or 
economy  of  material,  by  doing  much  the  same  as  is  done  in  the 
insulation  of  electrical  conductors.  The  temperature  gradient  is 
very  steep,  indeed,  at  the  middle  of  the  furnace,  as  shown  by  the 
general  tendency  of  these  curves.  In  insulation  of  electrical  con¬ 
ductors  for  very  high  pressures,  especially  with  very  small  wires, 
it  is  customary  to  use  at  the  center  of  the  insulation,  an  insulating 
material  with  an  extremely  high  dielectric  coefficient,  and  outside, 
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where  the  stresses  are  less,  the  other  materials.  The  question 
comes  up  whether  it  would  not  be  desirable  to  use  graded  ma¬ 
terials,  using  materials  of  low  resistance  at  the  center  where  the 
flow  density  is  greatest,  and  at  the  outside,  the  less  effective  heat 
insulating  material. 

One  other  point  is  that  the  curves  shown  here  by  Mr.  Hering— 
such  as  that  for  the  sphere — confirm  the  statement  made  by  him 
in  discussion  yesterday,  in  regard  to  the  resistance  between  bodies 
immersed  in  a  conducting  fluid.  Mr.  Hering  spoke  of  two  plates 
immersed  in  salt  water  at  a  certain  distance  apart.  The  resistance 
of  the  conducting  salt  water  would  be  represented  by  such  a 
function  as  this.  If  the  plates  initially  are  this  distance  apart  (il¬ 
lustrating  by  pointing  out  a  part  of  the  curve  near  the  “knee”) 
you  can  move  them  apart  an  infinite  distance,  and  yet  accomplish 
a  practically  negligible  increase  in  the  resistance  between  them, 
purely  and  simply  because  the  current  density  between  the  plates 
is  reduced  to  such  a  very  low  quantity  at  larger  radii,  that  incre¬ 
ments  in  the  length  of  the  conductor  have  no  influence  on  the  total 
resistance.  That  substantiates  theoretically  very  well  the  state¬ 
ment  made  by  Mr.  Hering,  which  I  believe  was  controverted,  and 
I  may  say — although  this  is  a  little  out  of  order  of  discussion  of 
the  present  paper — that  practical  experiment  in  the  measurement 
of  ground  resistances  for  determining  the  danger  of  electrolysis 
has  shown  such  to  be  actually  the  case.  I  mention  this  here  sim¬ 
ply  because  the  curve  given  nicely  expresses  the  fundamental 
principle  involved  in  the  statement  of  yesterday. 

I  might  say  in  this  connection — if  it  is  not  too  distinctly  out  of 
the  order  of  discussion — that  in  connection  with  a  large  transmis¬ 
sion  line  we  had  occasion  recently  to  measure  ground  resistances. 
We  found  with  transmission  structures  twenty  feet  apart  the 
resistance  had  reached  its  practical  maximum,  that  with  struc- 
tures  200  feet,  500  feet,  or  1,000  feet  apart,  there  was  practically 
no  more  resistance  between  them  than  in  the  case  of  structures 
only  20  feet  distant  from  one  another. 

Mr.  Carl  Hering:  As  to  the  grading  of  the  insulating  ma¬ 
terials,  it  is  of  course  an  advantage  in  all  furnaces  to  do  this,  that 
is,  to  have  different  materials  inside  and  outside.  It  would  be  bad 
policy  for  instance  to  build  the  whole  furnace  wall  of  such  low 
heat  resisting  materials  as  chromite  or  magnesite  bricks ;  such 
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bricks  must  be  used  for  as  small  a  part  of  the  wall  as  possible. 
The  materials  must  be  selected  in  each  case  for  the  specific 
furnace. 

Concerning  the  heat  gradient,  the  whole  thing  is  a  matter  of  cal¬ 
culation.  If  you  find  that  by  cooling  the  outside  of  the  furnace  the 
product  kt  becomes  less,  that  is  the  loss  becomes  less,  then  that  is 
the  proper  thing  to  do.  But  if  you  find  that  by  heating  the  outside 
this  product  kt  becomes  less,  and  the  loss  therefore  becomes 
less,  then  that  is  the  proper  thing  to  do;  in  other  words,  it  is  a 
question  of  simple  engineering  calculation  as  to  which  is  the  best 
to  do  under  the  specific  conditions  given,  provided  one  has  the 
data  to  make  this  calculation. 

Prod.  J.  W.  Richards  :  There  is  needed  for  the  use  of  metal¬ 
lurgists  and  electro-metallurgists  a  large  series  of  determinations 
of  just  these  quantities  of  heat  conductivity  of  dififerent  ma¬ 
terials  at  dififerent  temperatures.  As  far  as  I  know,  there  is  very 
scanty  data  on  the  subject.  There  are  probably  not  more  than 
three  or  four  determinations  of  the  heat  conductivity  of  dififerent 
temperatures,  which  we  can  use,  and  I  should  very  much  like 
myself  to  have  six  months  at  my  disposal,  so  that  I  could  go  into 
the  laboratory  and  work  on  these  things,  and  work  out  their  ap¬ 
plication  to  the  dififerent  furnaces ;  but  we  need  first  of  all  the 
purely  physical  experimental  data  curves,  determined  in  the  lab¬ 
oratory,  and  then  we  need  some  clear  exposition  of  the  principles, 
such  as  we  have  had  here,  and  much  more  could  be  added  to  it, 
to  show  how  the  principles  can  be  practically  applied  to  the  metal¬ 
lurgical  art. 

I  think  there  is  a  maximum  wall  thickness  with  which  you  will 
have  the  maximum  protection.  I  came  across  that  recently  in 
studying  the  heat  radiation  from  a  certain  sort  of  furnace.  It 
was  shown  by  experiment  that  after  a  certain  thickness  was 
reached  there  was  no  more  gain  in  putting  on  protecting  material 
outside,  as  the  increased  effect  from  the  additional  material  was 
practically  negligible. 

Mr.  F.  A.  Lidbury  :  I  think  there  is  one  interesting  point 
clearly  brought  out  by  the  diagrams  Mr.  Hering  has  drawn,  and 
that  is  the  danger  of  making  simplifying  assumptions  in  calculat¬ 
ing  the  magnitude  of  heat  losses  in  the  electric  furnace.  If  one 
refers  to  the  diagram  Fig.  4,  in  the  case  of  the  sphere  and  cylinder. 


HEAT  CONDUCTANCES. 


237 


one  observes  at  once  the  extreme  disproportion  between  the  size 
of  the  walls  in  these  two  cases,  and  yet  it  is  barely  possible  to 
conceive  of  a  case  which  is  represented  strictly  by  any  of  these 
diagrams.  The  actual  cases  will  be  usually  found  to  lie  some¬ 
where  in  between,  and  the  extreme  disproportion  shown  by  these 
diagrams,  to  my  mind,  indicates  the  caution  With  which  such  sim¬ 
plifying  assumptions  should  be  applied  in  practice. 

Mr.  Card  Hering  :  I  should  call  attention  to  the  fact  that  for 
the  cylinder  these  diagrams  represent  only  the  loss  per  unit 
length.  It  is  very  important  to  remember  this,  because  if  you 
were  to  design  a  cylindrical  furnace  of  a  certain  diameter  and 
length,  and  calculate  the  heat  losses  from  the  total  outside  surface, 
the  ends  included,  you  would  probably  find  that  the  walls  would 
have  to  be  even  thicker  than  in  the  sphere,  because  the  sphere  is 
the  theoretically  best  case.  It  must  not  be  forgotten  that  the 
curves  given  here  for  the  sphere  and  the  cylinder  cannot  be  com¬ 
pared  directly,  but  that  the  comparison  must  be  made  per  unit  of 
length  of  the  cylinder,  which  is  the  only  way  such  curves  can  be 
given  for  the  general  cases. 

Mr.  W.  S.  Landis:  As  to  the  matter  of  data  on  this  subject,  I 
might  mention  a  reference  book,  which  may  not  be  well  known, 
but  which  contains  a  large  amount  of  data  on  the  subject  of  heat 
conduction  of  different  materials,  and  that  is  Peclet’s  old  book, 
“La  Chaleur,”  which  I  think  it  would  be  well  for  many  of  the 
electrical  and  other  engineers  to  read.  He  has  worked  out  this 
problem  to  a  large  extent,  and  has  furnished  a  very  great  amount 
of  data  on  the  subject  of  the  conduction  of  heat.  Fourier  also 
worked  over  this  same  matter. 
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THE  LASH  STEEL  PROCESS  AND  THE  ELECTRIC  FURNACE. 

By  F.  A.  J.  FitzGerald. 

In  this  paper  it  is  not  intended  to  do  more  than  give  a  descrip¬ 
tion  of  the  general  principles  of  the  Lash  process,  and  describe 
briefly  certain  experiments  on  its  application  to  the  electric  fur¬ 
nace.  There  are  certain  misconceptions  as  to  what  the  Lash 
process  is,  and  also  it  is  not  obvious  at  first  sight  why  it  might 
be  of  interest  to  the  electrometallurgist.  As  regards  its  use  in 
the  open  hearth,  little  need  be  said  here  beyond  mentioning  that 
the  experiments,  made  on  a  commercial  scale  at  several  steel 
plants,  have  been  successful  in  demonstrating  its  usefulness.  As 
might  be  expected,  a  process  of  this  kind  inevitably  gives  an 
opportunity  to  the  person  who  is  convinced  that  he  did  the  same 
thing  twenty  or  thirty  years  ago,  but  discussions  on  that  subject 
are  of  more  interest  to  the  archeologist  or  mythologist  than  to  the 
electro-metallurgist,  and  in  any  case  are  not  usually  profitable. 

The  broad  principle  of  the  Lash  process  consists  in  making  an 
intimate  mixture  of  ore,  cast  iron  and  carbon,  and  submitting 
this  mixture  to  heat,  when,  if  the  proportions  of  the  constituents 
of  the  mixture  have  been  properly  adjusted,  the  desired  grade  of 
steel  is  produced.  The  essential  features  in  the  process  seem  to 
be  the  fine  state  of  division  of  the  constituents  of  the  mixture, 
their  intimate  association  and  the  use  of  iron  containing  metal¬ 
loids  in  considerable  quantities. 

It  is  unnecessary  to  comment  on  the  advantage  of  having  the 
various  reagents  in  a  fine  state  of  division  and  intimately  mixed, 
for  the  value  of  such  a  condition  may  be  readily  appreciated ; 
but  the  use  of  iron,  containing  metalloids,  is  worthy  of  more 
extended  notice.  According  to  Lash  :x 


1  U.  S.  Patent  860,922,  December  28,  1906. 
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“The  action  of  the  pig  or  cast  iron  in  the  finely  divided  mix¬ 
ture  is  two-fold  in  character:  First  and  primarily  the,  pig  iron 
contains  a  high  percentage  of  metalloids  and,  generally,  manga¬ 
nese,  which  elements  upon  the  fusion  of  the  iron,  are  presented 
to  the  oxid  in  the  most  intimate  and  effective  condition  possible, 
and  become  active  and  ready  reducing  agents.  Secondly,  the 
fused. pig  iron  seems  to  act  simultaneously  as  a  solvent  for  some 
of  the  free  carbon,  and  as  an  enveloping  coat  for  the  individual 
particles  of  oxid,  thus  bringing  such  dissolved  carbon  into  inti¬ 
mate  association  with  the  oxid  to  supplement  the  effect  of  the 
metalloids  already  contained  in  the  pig  iron,  in  their  reducing 
action.” 

Thus,  according  to  this  hypothesis  as  to  the  working  of  the 
process,  the  finely  divided  iron  acts  as  a  carrier  of  the  carbon, 
and  the  reactions  might  be  represented  by  an  equation  as  follows : 
3  Fe3C  +  Fe203  +  3  C  =  3  Fe,C  +.  2  Fe  +  3  CO 

It  follows  then  that  during  the  reaction  all  the  iron  present 
in  the  metallic  state  contains  carbon  in  excess  of  that  required 
in  the  finished  product,  till  towards  the  end,  when  the  free  carbon 
is  completely  exhausted,  and  there  is  simply  a  mixture  of  iron 
high  in  carbon  and  unreduced  oxide.  Finally  this  mixture  re¬ 
acts,  and  the  desired  quality  of  steel  is  obtained.  While  the  re¬ 
actions  which  actually  take  place  are  no  doubt  far  more  compli¬ 
cated  than  this  hypothesis  of  the  working  of  the  process,  yet  the 
experiments  which  have  been  made  seem  to  demonstrate  the  use¬ 
fulness  of  the  supposition. 

In  practice  there  are  many  details  which  have  not  been  men¬ 
tioned,  as,  for  example,  the  addition  of  fluxes  such  as  lime  and 
fluorspar  to  the  mixture ;  the  use  of  sawdust  which  is  carbonized 
in  the  furnace  and  leaves  the  mass  in  a  porous  state  so  as  to  per¬ 
mit  of  the  ready  escape  of  the  gases  formed ;  the  use  of  coal 
tar  or  any  other  suitable  material  to  prevent  the  separation  of  the 
constituents  of  the  mixture  from  each  other  because  of  their 
widely  differing  specific  weights  or  to  act  as  a  binding  material 
in  briquetting.  These  details,  however,  need  not  be  considered 
at  present. 

In  the  application  of  the  Lash  procees  to  the  open  hearth  fur¬ 
nace  the  saving  effected  is  due  to  the  lower  cost  of  a  unit  of  iron 
in  the  form  of  ore,  than  in  that  of  pig  or  some’ forms  of  scrap. 
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From  this  it  follows  that,  other  thing  equal,  the  less  pig  iron 
and  the  more  ore  that  can  be  used  the  cheaper  will  be  the  steel 
produced.  As  to  the  arguments  which  may  be  advanced,  that  the 
process  cannot  compete  with  an  open  hearth  furnace  fed  with 
molten  pig  iron,  or  with  other  modifications  of  the  open  hearth 
furnace,  they  are  foreign  to  the  present  considerations.  The 
expert  steel  maker  may  also  discuss  the  correctness  of  the  obser¬ 
vation  that  steel  obtained  directly  from  a  charge  containing  a 
much  larger  excess  of  ore  than  is  possible,  in  the  ordinary  open 
hearth  method  possesses  superior  qualities  to  that  manufactured 
in  the  usual  way.  The  contention  may  be  difficult  to  support 
a  priori;  but  some  empiricists  are  nevertheless  convinced  of  its 
truth,  and  even  when  they  admit  the  possibility  of  making  good 
steel  from  any  kind  of  raw  material  make  inconvenient  inquiries 
as  to  what  it  costs. 

That  it  is  possible  to  produce  steel  directly  from  iron  ore  in 
the  electric  furnace  is  well  known.  This  has  been  done  by  various 
electro-metallurgists,  but  the  best  published  account  of  that  work 
is  by  Major  Stassano.  According  to  his  most  recent  publications2 
the  best  results  obtained  in  the  production  of  steel,  where  the 
charge  consisted  essentially  of  ore  and  carbon,  showed  an  energy 
consumption  of  4  kilowatt  hours  per  kilogram,  or  0.62  horse¬ 
power  year  per  gross  ton.  The  cost  of  lining  the  furnace,  as 
calculated  from  a  long  series  of  experiments,  amounted  to  $1.93 
per  ton  (metric?)  of  output. 

The  experiments  made  with  the  electric  furnace  in  the  produc¬ 
tion  of  pig  iron  at  Sault  Ste.  Marie,  under  the  auspices  of  the 
Canadian  Government,  have  shown  the  possibility  of  producing 
a  ton  of  metal  from  a  mixture  of  ore,  carbon  and  fluxes,  with  an 
expenditure  of  less  than  0.28  horse-power  year.  Now  it  seems 
reasonable  to  suppose  that  if  by  using  the  Lash  process  in  the 
electric  furnace  an  energy  consumption  comparable  with  that  of  the 
electric  pig  iron  furnace  could  be  obtained  the  field  of  usefulness 
of  the  electric  furnace  in  the  metallurgy  of  iron  and  steel  would 
be  greatly  extended.  One  of  the  most  serious  difficulties  expe¬ 
rienced  in  all  processes  where  the  reduction  of  iron  from  the  ore 
with  the  object  of  producing  steel  directly  is  aimed  at,  is  the 
serious  loss  of  iron  which  occurs,  so  that  the  yield  of  metal  is 

2  Electrochemical  and  Metallurgical  Industry,  Vol.  VI,  No.  8,  p.  315,  et  seq. 
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too  small.  So  far,  however,  as  the  Lash  process  is  concerned 
there  was  little  reason  to  fear  a  difficulty  of  this  kind,  for  in  the 
preliminary  experiments  made  at  our  laboratories  on  a  small 
scale  it  was  found  that  98  per  cent,  of  the  iron  contained  in  the 
mixture  could  be  easily  obtained.  T|his  may  be  readily  seen 
when  it  is  pointed  out  that  in  these  experiments  the  metal  and 
slag  were  carefully  preserved  and  weighed,  and  that  it  was  found 
that  the  total  loss  of  metal  in  the  slag  only  amounted  to  0.3 
or  0.6  per  cent,  of  the  iron  contained  in  the  mixture  put  in  the 
furnace.  So  far,  therefore,  as  the  electric  furnace  was  con¬ 
cerned,  the  chief  point  to  be  determined  was  the  amount  of 
energy  required  to  obtain  one  ton  of  steel. 

In  order  to  investigate  this  matter  there  was  a  choice  of  various 
furnaces,  for  it  was  decided  that  to  get  results  of  any  value 
it  was  necessary  to  work  on  a  scale  which  would  produce  steel 
in  commercial  quantities.  The  possible  furnaces  seemed  to  be 
those  of  Girod,  Heroult,  Keller,  Rochling-Rodenhauser  and 
Stassano.  For  various  reasons  it  was  decided  that  the  Niagara 
Falls  experiments  could  be  carried  out  most  conveniently  and 
cheaply  in  a  Heroult  furnace.  Accordingly  a  3-ton  furnace  was 
constructed  under  the  direction  of  Mr.  Robert  Turnbull  and  an 
experimental  plant  installed  on  the  land  of  the  Niagara  Falis 
Power  Co.,  from  whom  the  necessary  current  was  obtained,  and 
who  gave  us  much  valuable  assistance  in  preparing  for  the 
work. 

With  this  plant  there  were  manufactured  about  50  tons  of 
steel  having  various  analyses,  of  which  a  few  are  given  in  the 
following  table : 


Heat  No. 

9 

11 

23 

27 

Carbon . 

O.IO 

0.08 

O.92 

0.22 

Manganese . 

0.75 

0.09 

0.41 

O.94 

Phosphorous  .... 

0.015 

0.015 

O.O38 

O.O33 

Sulphur . 

0.070 

0.007 

0.026 

O.O56 

Silicon . 

0.02 

O.O9 

<* 

O.I3 

O.03 

The  following  tests  were  made  from  bars  1  inch  square,  ham¬ 
mered  from  6  x  6-inch  bottom  cast  ingots.  The  elongation  was 
xfetermined  in  a  length  of  2  inches. 
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Heat 

Tensile 

Elastic 

Elongation 

Reduction 

No. 

Strength. 

Eira.it. 

per  cent. 

per  cent. 

9 

57000 

34000 

33 

58 

27 

77000 

45000 

28 

56 

The  steel  of  heat  N°  27  was  treated  with  0.1  per  cent,  of 
titanium. 

In  all  twenty-six  runs  were  made,  the  methods  of  working  the 
furnace  being  varied  so  as  to  investigate  the  working  of  the 
Lash  process  under  as  widely  differing  conditions  as  possible. 
Naturally  such  a  method  of  experimenting  was  not  conducive  to 
the  highest  efficiency  of  working,  but  nevertheless  we  were  able 
to  obtain  complete  reduction  of  the  charge  with  an  expenditure 
of  0.27  horse-power  year  per  ton  of  steel,  and  turned  out  a  fin¬ 
ished  product  with  an  energy  consumption  of  0.33  horse-power 
year  per  gross  ton  of  steel  cast.  In  all  the  experiments  there  was 
an  excessive  expenditure  of  energy  in  the  process  of  finishing 
the  steel,  adjusting  the  carbon,  removing  phosphorus,  etc.  Mak¬ 
ing  due  allowances  for  the  difficulties  under  which  the  experh 
ments  were  carried  out,  such  as  inadequate  apparatus,  inex¬ 
perienced  workmen,  variation  of  the  method  in  every  experiment, 
it  is  believed  that  under  suitable  conditions  a  production  of  four 
tons  of  steel  per  horse-power  year  can  be  reached. 

The  lantern  slide  shows  the  furnace  in  process  of  pouring  the 
steel  into  the  ladle.  We  are  indebted  to  Mr.  J.  R.  Wilson,  who 
did  most  of  the  construction  work  on  the  plant,  for  this  excellent 
photograph  of  a  very  difficult  subject. 

A  serious  problem  met  with  in  the  working  of  the  process  in 
the  Heroult  furnace  was  the  wear  of  the  carbon  electrodes,  which 
in  many  runs  was  excessive.  This  was  found  to  be  due  to  various 
causes,  but  more  especially  to  the  inadequate  apparatus  for  ad¬ 
justing  the  electrodes  and  to  certain  faults  in  the  method  of 
working  the  furnace.  Experiments  made  with  a  view  of  cor¬ 
recting  the  latter  cause  showed  such  an  astonishing  decrease  in 
the  electrode  consumption  that  it  is  reasonable  to  believe  that 
while  the  best  results  obtained  in  the  experiments  showed  a 
consumption  of  69  pounds  per  ton  of  steel  cast,  this  may  be 
brought  below  50  pounds  per  ton. 
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F.  a.  j.  Fitzgerald 


FIG.  I. - HEROULT  FURNACE  TAPPED. 


FIG.  2. - THREE-PHASE  ROECHLING-RODENHAUSER  FURNACE 
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Another  very  important  consideration  in  the  process  is  the  wear 
of  the  lining ;  unfortunately  there  has  not  been  a  sufficient 
number  of  runs  made  to  obtain  an  accurate  estimation  as  to  what 
this  item  will  amount  to. 

In  carrying  out  the  Lash  process  in  the  electric  steel 
furnaces  of  Keller  and  Girod  the  conditions  would  be  very 
similar  to  those  met  with  in  the  Heroult  furnace;  but 
in  the  Stassano  furnace  the  electrode  problem  would  probably 
be  much  simpler  since  these  are  held  some  distance  above  the 
charge.  Whether  the  consumption  of  energy  would  be  as  low 
as  in  the  Heroult  furnace  is  another  question ;  but  it  seems  certain 
that  the  cost  of  producing  steel  would  be  less  were  the  Lash 
process  used  than  when  working  with  the  simple  direct  method. 

While  the  electrode  problem  can,  no  doubt,  be  successfully 
solved,  its  existence  emphasizes  the  interest  of  a  furnace  which 
can  be  worked  without  these  troublesome  and  expensive  append¬ 
ages.  The  Colby-Kjellin  induction  furnace  would  obviously  be 
unsuitable  for  use  with  this  process,  because  it  does  not  permit  the 
handling  of  slags  in  a  convenient  and  economical  manner,  but 
the  modification  of  this  apparatus,  known  as  the  Rochling-Roden- 
hauser  furnace,  might  be  expected  to  give  interesting  results 
The  next  lantern  slide  shows  a  three-phase  furnace  of  this  kind, 
the  three  channels  forming  the  secondaries  of  the  induction  fur¬ 
nace  being  connected  to  a  central  bath  which  is  so  constructed  that 
the  slag  formed  during  the  reduction  of  the  ore  can  be  handled. 
Moreover,  this  central  bath  would  also  permit  of  the  easy  intro¬ 
duction  of  the  charge,  which  would  probably  be  in  the  form  of 
briquettes. 

Fitzgerald  and  Bennie  Laboratories, 

Niagara  Falls,  N.  Y. 


DISCUSSION. 

W.  S.  Landis  :  On  your  experimental  runs,  in  which  you 
obtained  a  ton  of  metal  with  a  power  consumption  of  0.270  h.  p. 
years  per  ton.  of  metal,  did  you  reduce  the  iron  content  of  the 
slag  to  2  per  cent.  ? 
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Mr.  FitzGurard:  In  that  particular  case,  I  do  not  remember 
exactly  what  the  analysis  of  the  slag  was.  We  made  several 
analyses  of  slags,  and  at  first  found  that  we  were  losing  a  good 
deal  of  metal,  in  some  cases  the  metallic  content  of  the  slag  being 
as  high  as  15  per  cent.  However,  in  the  later  runs,  the  loss 
through  the  slag  amounted  to  only  about  6  per  cent,  metallic 
iron,  and  as  the  low  power  consumption  was  obtained  in  the  later 
runs,  it  is  probable  that  in  the  runs  I  referred  to,  where  the 
power  consumption  was  low,  the  loss  of  iron  in  slag  was  low 
also. 

Hunry  D.  Hibbard  :  This  whole  question  of  the  electric 
fusion  of  iron  is  intensely  interesting,  and  the  paper  just  read 
is  a  very  valuable  contribution  to  the  subject.  There  is  one 
thing  which  may  be  new  to  some  of  the  members,  and  that  is 
the  great  advantage  of  the  electric  furnace  in  the  production  of 
heat  without  oxidation.  When  you  make  steel  in  the  open  hearth 
furnace,  you  produce  all  the  effects  by  oxygen,  the  heat  by  its 
union  with  the  fuel,  the  elimination  of  the  carbon  and  silicon, 
and  in  fact  it  is  the  great  servant  you  use  in  producing  the 
results,  but  oxygen,  while  an  excellent  servant,  always  lies  in 
wait  to  give  you  all  kinds  of  trouble,  if  you  do  not  handle  it 
right  at  the  latter  end.  The  oxygen  must  be  fairly  eliminated 
from  the  metal  or  the  result  is  poor.  In  the  electric  furnace  you 
can  produce  heat  without  oxygen,  and  from  a  steel  maker’s  point 
of  view  the  process  of  making  steel  by  such  furnace  is  simpli¬ 
fied  more  than  you  can  realize  unless  you  have  been  through  it 
yourself. 

To  get  rid  of  oxygen,  both  as  an  agent  and  a  disease  to  be 
cured  at  the  latter  end  of  the  process,  is  a  very  great  point, 
which,  as  far  as  I  know,  pertains  to  all  electric  furnaces.  The 
induction  furnace  meets  this  point  especially  well.  Metallurgi- 
cally  the  production  of  steel  in  the  induction  furnace  is  very  sim¬ 
ple,  and  the  only  difficulties  I  foresee  are  those  of  capital 
required  and  the  investment. 

J.  W.  Richards  :  There  are  two  ways  of  making  steel,  one 
is  simply  to  melt  the  ingredients  together,  and  the  other  is  to 
oxidize  the  pig  iron  so  as  to  eliminate  the  impurities  and  get 
down  to  steel.  These  two  processes  require  essentially  different 
kinds  of  apparatus,  for  the  reason  that  in  the  melting  process  it 
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is  simply  a  case  of  melting ;  in  the  oxidation  process,  it  is  largely 
a  case  of  having  surface  to  oxidize  the  bath  by  means  of  the 
iron  ore  which  you  add,  so  that  the  requirement  is  that  there 
should  be  considerable  surface  so  that  you  can  work  to  oxidize 
out  the  silicon,  etc. 

These  two  requirements  are  going  to  give  rise  to  two  differ¬ 
ent  classes  of  furnace,  one  best  adapted  for  one  purpose  and 
the  other  best  adapted  to  the  other  purpose. 

As  to  the  question  of  losing  iron  in  slag,  that  is  not  such  a 
very  serious  one,  because  in  ordinary  open  hearth  processes 
there  is  considerable  loss  in  slag.  I  would  not  want  the  electro¬ 
chemists  to  think  that  a  process  to  be  commercially  successful 
must  reduce  the  iron  in  the  slag  to  a  low  point.  There  are 
open  hearth  furnaces  running,  making  steel  successfully,  for 
instance  the  Monell  process,  where  they  lose  something  like  15 
or  20  per  cent,  of  iron  in  the  slag,  but  yet  are  commercially 
successful,  so  that  is  not  a  sine  qua  non  to  get  the  slag  low  in 
iron,  so  far  as  saving  the  iron  is  concerned. 

The  third  point  that  I  wish  to  make  is  that  the  electric  fur¬ 
nace  is  being  developed  very  largely  by  electricians  and  electro¬ 
chemists,  who  in  many  cases  are  not  experienced  steel  men,  and 
the  ideal  combination  is  to  get  the  experienced  steel  man  with 
a  first-class  electrochemist  to  work  on  the  proposition.  I  notice 
that  where  a  firm  which  is  experienced  in  making  steel  secures 
the  assistance  of  an  electrochemist  or  an  electro-metallurgist  to 
do  the  electrical  work  for  them,  that  the  combination  succeeds 
very  nicely.  There  is  a  great  deal  to  learn  about  the  different 
steels;  it  takes  a  lifetime  to  know  all  the  fine  points  of  them, 
and  the  electro-metallurgist  cannot  jump  in  and  make  steel  right 
off,  without  running  into  a  large  number  of  pitfalls  which  the 
practical  steel  man  will  be  able  to  sidetrack  for  him.  The  prac¬ 
tical  steel  man  has  a  good  deal  to  learn  about  the  electric  fur¬ 
nace,  and  the  electrochemist  has  a  great  deal  to  learn  about  steel, 
and  I  would  strongly  urge  the  combination  of  the  two. 

Mr.  Landis  :  In  regards  to  Prof.  Richards’  remarks  about  the 
loss  of  iron  in  slag,  as  I  understand  the  Lash  process,  it  is 
intended  particularly  for  the  reduction  of  iron  ores  and  the  final 
production  of  steel  directly  from  them  in  the  same  operation. 
It  seems  to  me,  therefore,  that  the  loss  of  iron  in  the  slag  is 
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rather  a  case  of  the  old  blast  furnace,  in  which  we  had  to  clean 
the  slag  as  much  as  possible,  and  then  refine  the  material  after 
it  has  been  reduced.  It  seems  to  me,  therefore,  the  loss  in  slag 
is  quite  a  serious  operation  in  that  case,  if  I  understand  the 
process  aright. 

W.  H.  Walker:  Will  Mr.  FitzGerald  give  us  in  a  few  words 
what  the  Lash  process  is? 

Mr.  FitzGerald:  The  l^ash  process  consists  in  making  an 
intimate  mixture  of  cast  iron,  oxide  of  iron  and  carbon.  The 
cast  iron  is  in  the  form  of  borings  or  shotted  pig  iron,  and  is 
supposed  to  act  as  a  carrier  for  the  carbon,  and  also  the  metal¬ 
loids  contained  in  it,  undoubtedly  act  as  reducing  agents.  The 
process  seems  to  be  extremely  simple,  and  several  people  have 
already  said  that  they  have  worked  it  before,  but  it  is  rather 
strange,  if  that  has  been  done,  why  the  work  has  almost  always 
stopped  after  apparently  a  very  small  experiment,  whereas  the 
Lash  process  has  been  carried  out  on  a  very  large  scale,  many 
hundreds  of  tons  of  steel  having  been  made  in  the  open  hearth 
process,  showing  economies  over  the  regular  practice. 

Mr.  Richards:  With  that  explanation,  I  would  call  attention 
to  the  similarity  of  the  Monell  process,  which  I  mentioned,  which 
takes  melted  cast  iron  and  uses  iron  ore  to  oxidize  out  the  carbon 
and  silicon,  and  in  that  case  the  slag  is  high  in  iron  and  runs 
at  35  per  cent,  of  ferrous  oxide,  but  that  loss  is  tolerated, 
because  of  the  other  advantages  of  the  process  in  getting  rid  of 
phosphorous,  and  in  other  respects,  but  essentially  it  is  a  refining 
process,  such  as  that  which  has  been  explained. 

Mr.  FitzGerald:  I  think  in  the  Lash  process  a  much  larger 
percentage  of  ore  can  be  used,  and  in  the  open  hearth  furnace 
there  is  no  difficulty  in  reaching  a  yield  of  94  per  cent.,  which 
means  a  loss  of  6  per  cent,  in  the  metallic  contents. 

Mr.  Richards  :  What  percentage  of  iron  ore  is  used  with  the 
cast  iron? 

Mr.  FitzGerald:  I  have  not  the  figures  in  the  open  hearth 
process.  One  method  of  working  has  been  to  have  a  bath  in 
the  furnace,  and  then  add  the  Lash  mixture.  In  the  electric  fur¬ 
nace,  in  the  experiments  we  made,  the  mixture  contained  about 
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6o  per  cent,  of  ore,  about  23  per  cent,  of  cast  iron,  and  the 
remaining  constituents  were  fluxes  and  coke. 

Mr.  Richards  :  That  is  a  larger  proportion  of  ore  and 
reducing  agent  than  is  used  in  the  Monell  process.  The  Monell 
process  uses  melted  pig  iron  and  ore. 

Mr.  Henry  D.  Hibbard  :  Speaking  about  the  Lash  process, 
I  was  struck  with  the  apparent  similarity  of  principle  between 
that  and  the  old  Uchatius  process,  that  was  developed  and 
worked  to  some  extent  in  Austria  about  fifty  years  ago,  only  in 
that  process  the  melting  was  done  in  crucibles,  and  in  the  pres¬ 
ent  case  it  is  done  in  large  furnaces.  If  I  recall  correctly,  the 
ingredients  used  in  the  Uchatius  process  were  finely  divided 
iron  and  iron  ore,  and  the  melting  was  done  in  plumbago,  that  is, 
carbon  crucibles 
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CALCULATION  OF  THE  LATENT  HEAT  OF  VAPORIZATION 

OF  ZINC. 

By  Woolsey  McA.  Johnson. 


I  have  spent  the  best  part  of  five  years  and  a  half  studying  the 
condensation  of  zinc  vapor,  with  a  view  to  meeting  all  sides  of 
the  problem — scientific,  commercial  and  practical.  For  this  rea¬ 
son,  in  November,  1903,  I  calculated  the  latent  heat  of  vaporiza¬ 
tion  by  use  of  thermodynamics  as  follows : 


(I) 

A 

—  U—  T  by  second  law 

of  thermodynamics 

(2) 

A 

=  p  (  V  —  V'  )  work  = 

(  pressure  X 
(  change  in  volume 

(3) 

d  A  _  (d  p  V  —  Vi)  (  differentiating  (2) 

d  T  d  T  {  with  respect  to  T 

(4) 

U  =  p  (  V  —  V'  ) 

1 

/  T otar  energy  \  _ _ _  /  work  done  \ 

V  supplied  )  ~  -  v  in  distillation  ) 

r  energy  lost  \ 

V  in  distillation  / 

1  =  latent  heat  of  vaporization. 

(5)  1  =  T-^  (V  —  V'  )  by  combining  (i),  (2), 

(3)  and  (4)  in  terms 

In  equation  (5) 

1  =  latent  heat  of  vaporization  in  litre-atmospheres 

T  =  the  absolute  temperature  of  boiling  at  760  mm. 
pressure 

(251) 
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dp  = 
dT  ~ 

T  = 


increase  of  pressure  needed  to  keep  zinc  liquid  for 
increase  of  temperature  of  one  degree  centigrade 
at  920°  C 

920  +  273  =  11 93°  absolute 


dp 

dT 


was  determined  by  Barus 

at  920  0  C.  to  be  nearly  - 1  - -> 

i*5  X  70 


Bulletin  U.  S.  Geol.  Survey  No.  54 — Mar.  10,  1889. — Determ¬ 
inations  made  by  me  when  working  for  Lungwitz  Reduction  Co., 
of  “pressure-temperature”  curve  of  liquid  zinc  up  to  75  lbs.  abso¬ 
lute  per  square  inch. 

Throwing  out  such  of  the  determinations  as  were  clearly 
erroneous,  we  have  a  probable  value  at  920 0  C.  (which  I  have 
found  to  be  the  boiling  point  of  zinc  at  760  mms.  pressure  of 
mercury),  of  0.152  lbs.  per  square  inch  increase  of  pressure  for 
i°  C.  increase  of  temperature. 


Using  my  determinations  for  the  calculation  we  have 

°.I52 

0.IS2  per  square  inch  =  - 

0.193 

dP 

or  ,p-  =  0.784  in  o°  C.  8  cms.  of  Hg. 


0.784 

76 


0.01035  in  o°  C.  and  atmospheres 
of  76  cms.  Hg. 


V' 


V 


0.001 


6.5 


litres  specific  volume  of  liquid  Zn  at  920°  C. 
(so  small  that  it  can  be  neglected.) 


specific  volume  of  zinc  vapor  at  920°  C. 


V.  D. 
of  zinc 


(  H  =  1) 


V-  (Air  =  1) 
of  zinc 


b5-4 

2 

32.2 

14.4 


=32.2 


2.2 
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Specific  volume  of  air  at  920°  C. 
Specific  volume  of  air  at  920°  C. 


1  *93  x  L°° _ 

273  0.0896  X  144 

=  3.42  litres 


Specific  volume  of  zinc  vapor  at  920°  C. 


342 

2.27 


I-5I 


Putting  in  equation  (5)  all  values  we  have 
1  —  1193  X  0.01035  X  1. 51 


—  18.6  litre-atmospheres 

=  18.6  X  24.25  Cal.  for  one  litre-atmos.  is  equal  to  24.25 
cal. 

latent  heat  of  ...  r  . 

=  451.  calories  for  one  gram  of  zinc. 

vaporization 

Making  calculation  on  Barus’  figures,  which  I  believe  not  as  ac¬ 
curate  as  mine,  which  represent  300  or  400  measurements,  we 
have  for  L.  H.  V.  388. 

Prof.  J.  W.  Richards  page  447  et  seq.  Trans.  Am.  Elec.  Chem. 
Soc.  Vol.  XIII  calculates  L.  H.  V.  of  zinc  by  Trouton’s  law  to  be 
426.  It  can  therefore  be  assumed  that  the  mean  of  426,  451,  and 
388  or  422  cal.  is  a  figure  close  enough  for  practical  purposes  to 
the  actual  figure. 

I  made  a  similar  calculation  for  L.  H.  V.  of  mercury  using 
figures  in  Eandolt  &  Bornstein  and  obtained  61.8  cal.  Landolt  & 
Bornstein  Tabellen,  page  347,  give  62.0  for  the  figures  as  de¬ 
termined  by  Person  in  1846. 

For  a  fuller  exposition  of  the  equations,  the  reader  is  referred 
to  Nernst,  Theoretischen  Chemie,  zweite  Auflage,  p.  62,  63,  64. 

In  order  to  condense  zinc  practically  on  a  large  scale,  it  is  neces¬ 
sary  to  study  the  physical  chemistry  of  the  problem  and  also  to 
have  due  regard  for  the  engineering  and  commercial  side.  The 
latter  is,  of  course  the  acid  with  which  to  test  your  theories. 
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POWER  FOR  ELECTROCHEMICAL  INDUSTRIES. 

By  John  Meyer. 

The  tendency  of  the  times  is  in  the  direction  of  specializing. 
Special  effort  in  any  one  direction  results  in  approaching  closely 
to  perfection  in  any  development.  This  is  no  less  true  in  the 
electrochemical  and  the  central  station  industry  than  in  other 
lines  of  business.  If  it  were  possible  to  eliminate  from  any  pro¬ 
cess  all  of  the  factors  incidental  to  the  production  such  as,  for 
instance,  the  supply  of  current,  then  it  is  fair  to  assume  that  the 
maximum  effort  could  be  applied  to  the  actual  process.  All 
things  being  equal,  there  is  then  every  incentive  for  co-operation 
between  the  electrochemist  and  the  central  station  even  to  the 
extent  of  the  location  of  the  electrochemical  plant  with  reference 
to  the  central  station  and  hours  of  use  of  the  current. 

With  the  rapidly  increasing  demand  in  this  country  for  electro¬ 
chemical  products,  as  is  evidenced  by  the  importations,  it  would 
appear  important,  if  not  absolutely  essential,  to  develop  this 
industry  here  and  to  encourage  relations  between  the  central 
station  and  such  industries  at  this  time. 

This  is  particularly  true  in  the  matter  of  development  wherein 
the  one  hinderance  is  the  large  immediate  investment  in  order 
that  an  experiment  may  be  conducted.  Considering  then  that  the 
experimental  load  can  be  so  adjusted  as  to  fill  valleys  which  exist 
consequent  to  the  conditions  of  the  central  station  load,  there  is 
then  the  possibility  of  obtaining  a  low  rate  depending  upon  local 
conditions,  which,  however,  would  be  mutually  satisfactory  to 
both  parties  concerned,  and  which  would  help  to  develop  the 
industry. 

The  majority  of  the  industries  started  under  circumstances 
where  the  service  supply  of  the  central  station  could  have  been 
used  to  advantage. 
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The  maximum  possible  output  of  any  plant  cannot  be  main¬ 
tained  continuously.  The  actual  output  is  a  certain  percentage  of 
the  maximum  and  may  be  considered  as  the  average.  The  ratio 
between  the  maximum  and  the  average  may  be  expressed  in  terms 
of  load  factor  as  illustrated  in  the  following  example :  If  a  plant 
having  a  maximum  capacity  of  100  units  per  day,  and  the  average 
represents  60  units,  then  the  load  factor  may  be  represented  as 
60  per  cent.,  indicating  that  the  average  output  was  60  per  cent, 
of  the  maximum  possible.  If  the  current  required  to  perform 
this  operation  is  in  direct  proportion  to  the  output  of  the  product, 
then  in  the  example  stated  above  it  is  fair  to  say  that,  although 
the  maximum  may  be  required  at  intervals,  the  average  load  will 
only  represent  60  per  cent,  of  this  maximum.  Applying  this 
principle  to  the  rate  of  $30  per  hourse-power  per  annum  of  the 
capacity,  because  of  the  average  load  being  but  60  per  cent,  of 
this  capacity,  the  cost  of  current  becomes  actually  $50  per  horse¬ 
power  per  annum. 

This  question  of  load  factor  is  one  of  importance  and  has  not 
been  fully  appreciated  by  the  electrochemical  industries.  Quoting 
from  figures  given  recently  in  the  French  Journal,  which  is  the 
authority  upon  electrochemical  industries  abroad,  it  is  learned 
that  the  actual  load  factor  of  the  plants  on  the  other  side  varies 
from  50  per  cent,  to  60  per  cent.,  based  upon  24-hour  365-day 
year.  In  other  words,  the  cost  per  horse-power  is  not  the  actual 
cost  divided  by  365  times  24,  but  it  is  a  figure  which  is  obtained 
by  multiplying  the  equivalent  8,760  hours  by  the  load  factor  in 
percentage,  and  this  resulting  figure  divided  into  the  annual  cost 
per  horse-power,  will  produce  the  actual  cost  per  horse-power 
hour. 

The  matter  of  location  of  an  electrochemical  plant  is  materially 
affected  by  facilities  for  obtaining  the  raw  material  or  of  the 
disposal  of  the  finished  product.  For  instance,  the  ideal  location 
the  the  plant,  other  things  considered  equal,  would  be  such  that 
the  raw  material  may  be  obtained  immediately  adjacent  to  the 
plant  and  the  finished  by-products  disposed  of  immediately 
adjacent  to  the  plant.  In  a  recent  investigation  of  contemplated 
electric  furnace  plant,  the  central  station  offered  reasonably  low 
rates  for  an  experimental  plant  of  small  capacity,  holding  out  as 
an  inducement,  which  has  been  admitted  to  be  equitable,  a  reason- 
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ably  lower  rate  in  the  event  of  the  furnaces  proving  satisfactory, 
and  the  furnace  capacity  increased  to  such  an  extent  as  to 
eliminate  all  of  the  oil  furnaces  now  in  use.  There  is  every  evi¬ 
dence  that  if  this  particular  installation  proves  satisfactory,  that 
a  great  many  similar  furnaces  will  be  installed  in  various  indus¬ 
tries. 

In  another  instance  a  small  arc  furnace  having  a  capacity  of 
20  k.w.  has  been  installed  for  the  purpose  of  demonstrating  the 
production  of  nitrogen  compound  with  the  electric  furnace.  The 
current  for  the  operation  of  this  furnace  is  purchased  from  central 
station.  Upon  completion  of  this  demonstration,  a  series  of  fur¬ 
naces  of  considerably  larger  capacity  will  be  installed. 

From  what  has  been  said  in  this  and  in  preceding  papers  it  is 
evident  that  the  central  station  is  working  up  to  the  possibilities 
in  this  line,  and  it  may  almost  be  truly  stated  that  they  are  keeping 
pace  with  the  demands  of  the  electrochemist. 

From  the  very  nature  of  the  carborundum  process,  requiring 
as  it  does,  19  hours’  operation  of  the  electric  furnaces/  after 
which  the  furnace  is  broken  down  and  rebuilt,  it  may  be  said  to 
be  an  ideal  process  for  central  station  operation.  Such  a  process 
could  well  be  located  where  the  by-product  could  be  utilized  in 
the  manufacturing  industries,  and  where  the  sale  of  this  by¬ 
product  may  offset  to  a  very  large  extent,  if  not  in  total  the  cost 
of  electric  current. 

The  various  phases  of  this  question  have  been  discussed  in 
various  papers  published  within  the  last  few  years,  arid  there  is 
very  little  to  be  added  at  the  present  time. 
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A  paper  read  at  the  Fourteenth  General 
Meeting  of  the  American  Electro¬ 
chemical  Society,  at  New  York  City, 
October  31,  1908,  President  E.  G. 

Ache  son  in  the  Chair. 


UTILIZATION  OF  POWER  STATIONS  FOR  ELECTROCHEMICAL 
AND  ELECTROTHERMAL  PROCESSES  DURING 
PERIODS  OF  LOW  LOAD. 

By  E.  A.  Sperry. 

With  reference  to  the  utilization  of  idle  loads  of  central  stations 
for  electrochemical  and  metallurgical  work,  I  have  briefly  to  add 
to  the  remarks  I  have  made  on  former  occasions  on  the  same 
subject  some  items  which  I  hope  will  be  of  interest,  which  have 
crossed  the  horizon  since  our  last  meeting.  It  is  gratifying  to 
note  the  increased  interest  in  this  subject  on  the  part  of  central 
station  managers.  The  meeting  arranged  for  by  the  Brooklyn 
Edison  Company  as  between  representative  central  station  man¬ 
agers  and  some  representatives  of  the  electrochemical  and  metal¬ 
lurgical  industries,  has  already  been  noticed  in  the  “Electro¬ 
chemical  &  Metallurgical  Industry,”  in  the  current  number.  I 
had  the  pleasure  of  being  present  at  this  meeting  and  it  seemed  to 
me  that  I  noted  an  undertone  of  disappointment  at  the  low  prices 
which  some  of  the  metallurgical  and  electrochemical  industries  are 
receiving,  as,  for  instance,  the  price  on  the  Canadian  side  at 
Niagara  Falls ;  power  in  blocks  of  some  considerable  size  has 
been  placed  at  quite  considerably  less  than  $12.00  the  horse-power 
year.  Yet  it  may  be  said  that  the  station  managers — especially 
in  the  larger  centres — may  possess  an  advantage  in  the  line  of 
transportation,  freights  and  accessibility  to  the  market  over  plants 
located  in  more  remote  parts ;  although,  on  the  other  hand,  it 
must  be  remembered  that  any  tendency  to  intermittent  service 
will  encroach  considerably  upon  these  advantages.  I  wish  to 
emphasize  a  point  which  has  been  heretofore  mentioned  in  this 
connection,  and  that  is,  that  it  seems  to  me  that  much  good  will, 
come  from  a  continued  agitation  of  this  subject ;  our  electro¬ 
chemists  and  electrometallurgists  must  be  taught  to  think,  insofar 
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as  possible,  in  intermittent  processes — processes  that  will  not  be 
greatly  damaged  by  cessation  during  certain  hours,  for  certain 
fractional  parts  of  a  year.  Undoubtedly  such  processes  can  be 
developed  and  products  produced  economically  along  these  lines. 
The  importance  of  this  should  be  emphasized,  and  we  should 
bear  in  mind  the  importance  of  this  matter  to  the  station  man¬ 
agers,  for  it  is  doubtless  a  fact  that  to  secure  the  very  greatest 
advantage  to  all  parties  the  station  manager  should  practically 
have  control  of  the  operation  of  the  electrical  or  metallurgical 
plant.  It  is  a  fact  that  in  this  city  upon  the  sudden  approach  of 
a  severe  storm,  when  the  city  is  overcast  with  dark  clouds,  the 
sudden  demand  for  current  may  extend  to  a  great  many  ioo 
per  cent,  of  normal  load  at  the  particular  hour.  Upon  such  oc¬ 
casions  it  might  become  necessary  for  the  central  station  to 
gather  in  all  the  resources  possible  in  the  line  of  energy  output 
for  its  lighting  service. 

Again,  since  our  last  meeting,  the  details  of  an  extremely  large 
contract  for  power  have  been  made  public  in  Chicago.  The  prices 
here  ruling  give  us  some  clue  as  to  what  may  be  expected  from 
central  station  service.  These  prices,  as  we  know,  are  not  far 
from  $30.00  per  horse-power  year.  Another  point  which  should 
be  emphasized  in  this  connection  in  the  line  of  caution  is  the 
selection  of  the  process.  It  should  be  one  for  the  product  of 
which  there  is  almost  unlimited  demand,  and  at  the  same  time 
one  where  the  power  cost  constitutes  a  large  or  prime  factor.  In 
this  line  many  processes  will  occur  to  you. 

A  plant  originally  laid  out  by  Mr.  Scott,  past  president  of  the 
American  Institute  of  Electrical  Engineers,  has  come  to  my  at¬ 
tention,  in  which  there  have  been  successfully  combined  an  electro¬ 
chemical  process  and  the  ordinary  central  station  load.  This  is 
a  plant  for  the  production  of  caustic  soda  and  bleach,  in  southern 
Maine,  and  has  now  been  in  successful  operation  for  about  three 
years.  Here  the  surplus  current  is  used  upon  the  electrolytic 
cells,  and  at  times  of  high  load  the  current  of  these  cells  is  cut 
down  and  energy  utilized  for  light  and  power  purposes,  but  it 
is  noted  in  this  instance  that  it  is  seldom  that  the  current 
on  the  cells  is  cut  down  to  more  than  half  load.  This 
would  not  be  considered  as  giving  anywhere  near  as  much 
flexibility  as  is  desired.  If  the  current  in  this  instance 
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could  be  cut  down  to  one-tenth  or  even  better,  to  one-twentieth, 
or  5  per  cent,  of  the  original  load,  for  purposes  of  preventing 
‘'reversal,”  it  would  be  far  more  desirable  from  the  standpoint 
of  the  central  station.  Other  instances  of  this  kind  may  have 
come  to  the  attention  of  our  members,  which  I  hope  they  will 
mention  in  the  course  of  the  discussion. 

I  see  that  we  have  with  us  this  morning  a  number  of  the 
prominent  central  station  men,  whom  I  am  sure  we  welcome  in  our 
midst,  and  hope  they  will  contribute  liberally  to  the  discussion 
of  this  very  important  matter. 


DISCUSSION. 

President  Acheson:  This  seems  to  be  a  subject  that  ought 
to  be  of  great  importance  to  electrochemists.  There  is  one  error, 
I  think,  in  the  paper  in  regard  to  the  duration  of  the  run  of 
carborundum  furnaces.  It  is  thirty-six  hours,  so  that  it  would 
overlap  all  the  high  points  and  valleys,  and  is  not  available  for 
central  station  work,  but  there  should  be  many  industries  that 
could  be  fitted  in;  but  not  so  largely  in  the  case  of  a  furnace, 
because,  after  we  once  get  the  furnace  fairly  heated  up,  we 
cannot  very  well  let  it  go  out,  because  it  represents  a  large 
amount  of  energy,  the  initial  heat  in  warming  up  your  work, 
however,  for  the  electric  current  at  the  times  when  the  load  on 
the  station  is  low. 

Mr.  Edward  R.  Taylor:  I  spoke  some  time  since  concerning 
a  paper  by  the  same  author,  in  which  I  made  some  criticisms. 
I  am  of  the  same  opinion  still,  unless  proper  arrangements  can 
be  made,  and  I  am  glad  to  see  that  overtures  are  being  made 
by  the  producers  of  power,  by  which  they  are  willing  to  take 
the  initiative  in  interesting  electrochemists  and  others  in  such 
work.  If  that  can  be  done,  there  are  many  places  in  which  that 
work  can  be  done.  My  own  furnace  is  capable  of  intermittent 
work  in  that  respect,  but,  of  course,  not  to  as  good  advantage 
as  though  running  continuously  for  twenty-four  hours.  It  would 
not  be  advisable  to  shut  the  current  entirely  off  during  the  peak 
load.  For  example,  if  you  run  twelve  hours  and  then  stop  twelve 
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hours,  you  would  barely  get  started  again.  On  the  other  hand, 
on  the  peak  load  the  furnace  could  be  kept  hot,  and  just  below 
the  point  of  production,  and  then  when  the  valley  load  came  an 
increase  of  power  could  be  put  on  and  the  production  proceed 
for  twelve  hours.  I  do  not  mean  to  say  that  would  be  as  ad¬ 
vantageous  as  the  continuous  twenty-four  hours’  production,  but, 
on  the  other  hand,  if  the  power  supplied  were  sufficiently  cheap 
to  justify  it,  the  furnace  I  am  running  is  an  illustration  of  the 
possibility  of  utilizing  such  product.  In  that  particular  case  it 
would  be  impossible  to  use  it  in  cutting  off  the  current  entirely  foi 
twelve  hours,  but  we  could  probably  cut  off  for  the  two  or  three 
hours  of  the  peak  load.  Such  use  of  electricity  in  these  stations 
might  be  very  desirable  for  certain  experimental  work,  which 
work  might  be  arranged  to  be  done  during  the  valley  loads  on 
the  central  station,  work  which  could  be  done  at  that  time,  but, 
of  course,  that  would  be  a  minor  item. 

Mr.  E.  A.  Sperry:  Mr.  Taylor  is  a  man  who  has  had  a  great 
deal  of  experience,  and  I  think  this  a  good  opportunity  to  get  this 
thing  into  concrete  form.  Suppose  your  peak  was  only  five  hours 
long,  and  you  had  current  supplied  nineteen  out  of  the  twenty- 
four  hours,  then  in  what  ratio  could  you  cut  down ;  could  you 
cut  down  four-fifth  or  nine-tenths ;  how  much  current  would  you 
want  to  bridge  over  the  peak ;  how  low  could  you  get  that  down 
in  proportion  to  normal  load? 

Mr.  Taylor  :  I  think  we  could  take  one-quarter  the  maximum. 

Mr.  Sperry:  And  give  up  three-quarters? 

Mr.  Taylor:  Yes. 

Mr.  Sperry:  If  you  cut  it  down  to  ten  per  cent.,  what  would 
happen  ? 

Mr.  Taylor:  It  would  take  more  current  to  build  up.  You 
must  recognize  that  you  will  have  to  throw  off  current  during 
the  peak  load ;  the  current  you  use  at  that  time  is  practically  a 
dead  loss.  The  current  you  use  then  simply  serves  to  keep  the 
furnace  warm  preparatory  to  running  for  the  nineteen  hours 
during  the  valley  loads  on  the  central  station. 

Mr.  Sperry  :  What  would  be  the  efficiency  running  that  way, 
compared  with  running  twenty-four  hours  with  the  full  current; 
would  it  drop  six  per  cent,  or  ten  per  cent.? 

Mr.  Taylor:  That  is  a  rather  difficult  question  to  answer. 


UTILIZATION  OE  POWER  STATIONS. 


263 


Mr.  Sperry  :  Of  course,  I  understand  that  it  is  difficult  to 
answer  such  a  question  offhand.  The  current  that  you  supply 
on  the  peak  load,  not  being  sufficient  to  produce  goods,  may  be 
a  total  loss  so  far  as  the  production  of  goods  is  concerned. 

Mr.  Tayeor:  If  you  can  run  the  whole  twenty-four  hours  and 
produce  the  maximum  amount  of  goods,  you  are  getting  the 
full  benefit.  It  is  quite  a  loss  to  be  out  of  the  power  for  that 
length  of  time;  at  the  same  time  I  am  not  prepared  to  say  that 
if  current  could  be  obtained  at  a  sufficiently  cheap  price,  both 
for  the  peak  and  valley  load,  I  think  in  that  case  they  would 
have  to  make  the  same  price  for  the  peak  as  the  valley,  because 
it  is  necessary  to  have  it  in  a  furnace  which  is  to  run  continuously, 
as  mine  does.  There  may  be  furnaces  adapted  to  running  from 
twelve  to  nineteen  hours,  but  my  furnaces  would  not  accomplish 
much  in  that  way. 

Mr.  Sperry  :  There  are  many  processes  that  do  run  that 
way. 

Mr.  Tayeor:  There  are  many  processes  in  which  the  electric 
current  could  be  utilized  in  that  manner. 

Mr.  Care  Hering:  The  point  raised  by  Mr.  Taylor  illustrates 
a  remark  I  made  in  my  paper,  namely,  that  it  may  sometimes 
be  very  important  to  calculate  the  heat  losses  of  a  furnace  while 
it  is  not  working.  In  some  cases  that  very  calculation  may 
determine  whether  it  would  be  practicable  or  impracticable  to 
do  what  Mr.  Sperry  suggests,  and  it  shows,  therefore,  how 
important  it  is  to  be  able  to  calculate  these  losses  more  cor¬ 
rectly.  The  energy  required  for  heating  up  a  furnace  is  gen¬ 
erally  so  great  that  I  doubt  very  much  whether  it  would  pay  to 
use  furnace  processes  intermittently,  unless  this  loss  during  the 
non-working  period  can  be  made  very  small.  I  should  think, 
therefore,  that  the  more  probable  field  of  usefulness  for  such 
spare  energy  would  be  for  electrolytic  processes,  which  can  be 
more  readily  stopped. 

Mr.  Sperry  :  It  is  barely  possible  in  some  cases  like 
Mr.  Taylor’s  furnace  that  you  might  fire  with  gas  during  the 
peak  period  to  keep  up  sufficient  heat. 

Mr.  W.  E.  Weees  :  I  do  not  think  there  is  quite  as  fair  realiza¬ 
tion  of  what  the  peak  is  on  an  electric  light  station.  Mention  has 
been  made  here  of  five  hours.  It  may  be  that  the  peak  scattered 
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through  the  year  is  on  certain  days  five  hours,  but  there  are 
certain  portions  of  the  year  where  there  is  practically  no  peak  on 
the  electric  light  station,  and  at  which  time  current  could  be 
furnished  continuously.  However,  take  in  the  winter  time,  from 
the  early  part  of  November  to  the  latter  part  of  December,  or  the 
early  part  of  January,  there  is  a  decided  peak  every  day,  but  the 
duration  of  that  peak,  taking  the  upper  twenty-five  per  cent, 
of  the  load,  will  last  all  the  way  from  five  minutes  at  the  beginning 
and  end  of  this  period,  during  the  first  month,  to  possibly  an  hour 
during  the  middle  period,  so  that  I  think  that  if  the  electrochemical 
people  could  get  together  with  electric  light  stations,  arrange¬ 
ments  might  be  made  whereby  during  the  greater  portion  of 
the  year  current  could  be  furnished  continuously.  During  an¬ 
other  portion  of  the  year  current  could  be  furnished  continuously 
except  on  Saturday  nights.  During  another  and  very  short  por¬ 
tion  of  the  year,  amounting  to  not  more  than  forty-five  days, 
current  could  be  furnished  continuously  excepting  a  one-hour 
peak,  or  a  peak  ranging  from  one  and  a  half  minutes  to  five 
minutes.  It  may  not  be  generally  known,  but  the  last  twenty-five 
per  cent,  of  the  capacity  of  a  large  number  of  electric  light 
stations  is  used  only  one  hundred  hours  per  year.  Now,  that 
twenty-five  per  cent,  of  capacity  could  be  used  the  other  8,000 
odd  hours  to  a  very  good  advantage. 

Mr.  Lawrence  Addicks  :  The  various  copper  refining  plants 
generally  have  from  5,000  to  10, coo  horse-power  of  installation, 
but  these  small  plants  are  very  economical,  running  on  100  per 
cent,  load  factor,  with  superheated  steam  and  good  vacuum,  and 
in  these  cases  everything  can  be  adjusted  to  uniform  conditions. 
The  price  would  have  to  be  very  low  to  be  attractive,  and  also 
the  process  is  very  sensitive  to  changes  in  conditions.  The  tank 
work  is  a  very  delicate  balancing  of  conditions,  and  an  alteration 
of  even  10  per  cent,  in  current  density  at  different  times  of  the 
day  would  seriously  disturb  the  silver  and  gold  losses  in  the 
cathode. 

Mr.  C.  F.  Carrier,  Jr:  I  think  there  is  one  factor  which  has 
not  been  brought  out  in  any  of  the  discussions  on  either  this  or 
the  previous  papers,  namely,  that  there  are  not  two  men’s  profits 
in  this  question.  That  is,  there  is  no  profit  for  the  station  man 
and  a  profit  for  the  chemist  too.  I  made  a  complete  calculation 
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of  a  plant  for  making  metallic  sodium,  and  attempted  to  locate 
it  near  a  central  power  station,  and  if  the  central  power  station 
made  any  money,  I  could  not  make  any  money,  and  if  1  made 
any  money,  the  central  power  station  could  not  make  any  money, 
so  that  it  seems  to  me  it  comes  down  to  a  question  of  the  central 
station  running  their  own  processes  and  using  their  own  power, 
because  two  people  cannot  make  money  enough  out  of  it.  The 
point  has  been  brought  up  by  Mr.  Hering,  I  believe,  that  you 
should  calculate  the  loss  of  heat  during  the  idle  period.  Now, 
that  calculation,  in  my  opinion,  takes  into  consideration  only  a 
small  factor.  The  only  way  you  can  figure  is  to  make  a  complete 
annual  balance  sheet.  You  have  to  figure  the  cost  of  raw 
material,  transportation,  labor,  taxes,  etc.,  and  every  single 
item  for  one  complete  year,  and  every  individual  case  must 
be  figured  separately. 

Mr.  Graves  :  In  line  with  that,  I  will  say  that  central  stations 
are  now  selling  power  for  refrigerating  purposes  to  be  used  off 
the  peak.  Now,  those  who  are  engaged  in  electrochemical  and 
thermal  processes  are  in  business  to  manufacture  and  sell  their 
products,  and  perhaps  by-products.  If  a  plant  is  introduced  on 
the  premises,  the  time  of  the  high  priced  men  in  looking  after 
the  plant  and  watching  the  economical  operation  of  it  could  be 
used  to  a  great  deal  better  advantage  in  the  refining  of  the  pro¬ 
cesses  of  manufacture,  whereas  in  the  case  of  the  central  station 
the  energies  of  the  entire  force  and  organization  are  directed  in 
making  the  current  economically  and  the  service  reliable. 

In  connection  with  this  I  might  mention  a  contract  which  has 
been  made  with  the  city  by  the  Brooklyn  Edison  Co.  and  the 
New  York  Edison  Co.  for  about  7,000  horse-power  in  Brooklyn 
and  15,000  in  New  York  whereby  the  central  station  companies 
agree  to  pay  the  city  $500  a  minute  for  every  minute  beyond  the 
first  three  minutes  in  which  the  current  is  off  the  line. 

Mr.  F.  A.  J.  FitzGerald:  The  best  way  of  determining  the 
losses  in  a  resistance  furnace  is  to  cut  down  the  voltage,  thus 
adjusting  the  rate  of  consumption  of  energy  so  as  to  hold  the 
temperature  constant.  This  can  be  done  very  well  in  the  case 
of  furnaces  such  as  the  induction  furnace.  This  has  been  done, 
and  it  has  been  found  in  some  cases  that  one-third  of  the  power 
used  in  normal  working  will  keep  the  temperature  constant. 
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From  this  it  would  be  easy  to  calculate  what  energy  must  be 
used  during  the  period  of  peak  load. 

Mr.  Henry  D.  Hibbard:  No  one  seems  to  have  thought  of 
the  possibility  of  using  the  valley  load  for  mechanical  purposes. 
Now,  it  is  not  to  be  thought  of,  probably,  except  in  cases  where 
the  expense  for  power  is  a  large  part  of  the  expense  of  carrying 
on  the  mechanical  operation.  In  a  machine  shop,  or  anything  of 
that  nature,  where  the  chief  expense  is  labor,  they  must  have 
power  when  they  want  it,  but  there  may  be  something  done  in 
such  lines  as  grinding,  where  the  large  expense  of  the  operation 
is  for  power,  and  where  the  labor  expense  is  low.  I  throw  that 
out  as  a  suggestion,  as  this  idea  of  using  the  current  for  mechan¬ 
ical  purposes,  under  the  conditions  suggested,  seems  to  be  as 
promising  as  any,  in  view  of  the  remarks  that  have  been  made. 

Mr.  G.  M.  Kebbe:  The  first  speaker  said  that  he  was  glad  the 
central  station  people  had  taken  the  initiative  in  bringing  this 
thing  up,  and  that  called  to  my  mind  a  remark  made  by  you,  Mr. 
President,  and  that  was  the  correction  in  Mr.  Meyer’s  paper,  as 
to  the  time  necessary  to  operate  a  carborundum  furnace,  and  my 
point  is  this :  Mr.  Meyer  is  a  central  station  man,  and  in  pre¬ 
senting  his  paper  doubtless  he  used  the  best  information  he  had 
at  hand,  and  the  difficult  thing  in  sifting  this  question  down  to  a 
practical  basis,  it  seems  to  me,  is  that  the  central  station  people 
do  not  understand  the  needs  of  the  electrochemist,  and  the  electro  - 
chemists  apparently  do  not  understand  the  possibilities  of  central 
station  services. 

Some  one  of  the  speakers  remarked  on  the  price  of  power.  I 
do  not  think  it  is  time  to  discuss  rates,  but  I  read  recently,  I 
think  it  was  in  the  last  number  of  Dr.  Roeber’s  paper,  that  in 
Switzerland  they  are  making  steel  in  the  electric  iurnace,  and 
pay  $70  per  kilowatt  year  for  their  current  for  that  purpose, 
and  higher  rates  for  the  current  which  is  used  for  mechanical 
energy,  etc.,  in  connection  with  the  plant,  and  in  conversation  with 
Dr.  Richards  at  the  electrical  show  recently  I  understood  him  to 
say  that  they  are  making  the  steel  on  that  basis  profitably. 

Now,  while  it  is  possible  to  obtain  much  lower  figures  on  these 
at  Niagara  Falls  (I  just  want  to  say  that  my  own  knowledge  of 
this  matter  is  like  that  of  the  other  central  station  men — somewhat 
limited,  and  so  most  of  my  examples  are  hearsay),  I  understand 
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there  is  one  plant  at  Niagara  Falls  that  has  a  by-product  of 
chlorine  which  they  have  a  great  deal  of  difficulty  in  disposing  of. 
It  would  not  be  profitable  to  concentrate  the  chlorine  in  order 
to  ship  it  properly,  and  then  after  it  reaches  its  destination  to 
dilute  it  again  in  order  to  put  it  into  use,  and  if  that  same  process, 
all  other  conditions  being  equal,  was  located,  say,  in  Providence, 
taking  power  from  a  central  station,  the  chlorine  which  is  now  an 
expensive  thing  to  get  rid  of  might  be  made  a  valuable  by-product 
in  the  bleacheries  located  in  Providence  and  Fall  River  and  New 
Bedford  and  other  eastern  points.  Most  of  the  electrochemists 
seem  to  take  this  stand  in  talking  of  rates ;  they  seem  to  consider 
a  kilowatt  year  of  8,760  hours  a  standard.  Now,  there  is  a  no- 
load  period  in  the  manufacture  of  every  product  using  furnaces 
with  twenty-four  hours’  run,  or  runs  of  shorter  time,  for  there 
are  certain  mechanical  difficulties,  if  not  electrical  difficulties, 
which  make  them  necessarily  intermittent.  There  has  to  be  a 
time  for  certain  adjustments,  for  re-charging,  etc.,  and  if  this 
load  factor  is  taken  into  consideration  that  would  be  one  help. 

Now,  again,  water  power  can  probably  be  had  at  a  lower  rate 
in  most  instances  than  power  from  any  other  prime  mover,  but 
if  you  locate  your  plant  at  a  water  power  and  overlook  the  other 
points,  the  resultant  figure  for  your  energy  may  be  higher  after 
all.  Tide  water  shipping  facilities  for  the  raw  material,  and 
labor  which  is  found  surrounding  tide  water  locations,  may  be 
less,  and  you  may  have  also  a  nearer  market  for  your  finished 
product. 

We  are  willing  to  take  the  initiative  in  putting  this  thing  up 
to  you  because  we  believe  if  you  will  consider  it  with  11s  it  will 
result  to  the  mutual  advantage  of  both  central  stations  and  the 
electrochemist. 

Mr.  Milton  M.  Kotin  :  It  seems  to  me  the  statement  given 
by  one  central  station  representative  is  of  great  importance  in 
considering  the  matter  of  prices  to  be  charged  for  current.  My 
experience  with  most  of  the  central  station  companies  is  that  the 
rates  they  are  allowed  to  make  are  controlled  by  public  service 
commissions,  or  rates  which  are  established  by  the  legislature. 
In  that  case  the  rates  are  too  high  for  the  use  of  electric  current 
in  furnaces.  I  would  like  to  know  if  some  arrangements  cannot 
be  made  by  means  of  which  central  stations  all  over  the  country. 


268 


DISCUSSION. 


where  electric  furnaces  can  be  used,  could  make  some  special 
terms  for  that  class  of  work.  It  seems  to  me  the  commercial  use 
of  the  electric  furnace  will  be  absolutely  dependent  on  the  special 
terms  that  the  central  stations  can  make. 

Mr.  W.  E.  Welds:  Even  m  the  State  of  New  York,  where 
we  have  several  commissions,  a  central  station  can  make  a  rate 
to  suit  the  service  which  it  is  to  perform.  The  rate  fixed  by 
the  Public  Service  Commission  of  io  cents  or  12  cents  a  kilowatt 
hour  is  for  lighting  current,  but  where  the  conditions  are  entirely 
different  a  differential  rate  may  be  established. 

Mr.  Kohn  :  As  I  understand  it,  the  very  best  rate  that  the 
electric  light  companies  are  allowed  to  make  is  3.5  cents,  which 
is  far  -too  high  for  ordinary  electric  furnace  work,  in  my  opinion. 

Mr.  Weeds:  The  minimum  rate  is  not  governed  at  all  by  the 
legislature  or  by  the  public  service  commission ;  only  the  maximum 
rate  which  we  can  charge  is  regulated.  However,  whatever 
minimum  rate  we  make,  that  rate  must  be  made  for  all,  so  there 
will  be  no  discrimination. 

Mr.  George  Breed:  New  York  State  is  not  the  only  State  in 
the  Union.  I  know  of  a  great  many  electric  light  and  power 
companies  whose  minimum  rate  is  governed  entirely  by  the  cost 
of  coal  and  the  cost  of  operating  the  stations ;  furthermore,  that 
if  the  people  who  are  interested  in  electrochemical  manufacture 
will  approach  the  managers  of  these  stations  they  will  be  met 
with  a  perfectly  open  mind,  and  without  legal  restraint  of  any 
kind,  will  get  the  best  rates  that  it  is  possible  to  give  them,  and 
they  will  be  considerably  below  3.5  cents. 

Mr.  Kohn  :  I  would  like  very  much  to  be  in  touch  with  some 
of  the  gentlemen  who  will  give  the  names  of  any  companies, 
furnishing  power  by  means  of  steam,  which  will  make  a  rate 
around  two  cents  for  75,  100,  or  150  kilowatt  hours  per  day. 
I  would  like  to  be  in  touch  with  some  of  them. 

Mr.  Breed  :  Get  in  touch  with  me. 

ProE  J.  W.  Richards  :  As  to  the  concrete  example  which  Mr. 
Kebbe  brought  forth,  I  think  we  can  get  some  good  ideas  by 
considering  that.  In  the  last  number  of  “Electro-Metallurgical 
Indhstry”  there  is  a  description  of  a  plant  in  Switzerland  which 
I  visited  this  summer.  They  get  power  from  the  city  power 
station.  They  run  electric  furnaces,  one  heat  in  the  morning 
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and  one  in  the  afternoon.  This  displaced  a  ’'crucible,  steel  plant. 
They  do  not  run  at  night,  and  if  they  did  they  could  easily  rpake 
four  heats  a  day.  They  make  one  heat  in  the  morning  and  otic 
in  the  afternoon,  and  shut  down  the  plant  for  the  rest  of  the  day, 
going  along  perhaps  a  little  easier  than  we  would  do  here  in  the 
United  States ;  but  they  are  many  foundries  in  the  United  States 
which  run  during  the  day  and  make  a  heat,  and  do  not  run  during 
the  night  unless  they  are  very  busy.  Now,  such  a  furnace  as 
that  takes  power  for  about  five  hours  in  the  morning  and  five 
hours  in  the  afternoon.  If  they  wanted  to  run  more  continuously 
they  could  perhaps  take  five  hours  after  midnight.  They  could 
arrange  to  take  another  heat,  so  as  to  fit  in  with  hours  that  would 
be  satisfactory  to  the  central  station  managers.  I  think  in  the 
case  not  only  of  electric  smelting  of  steel,  but  electric  smelting 
in  brass  foundries  and  other  metal  foundries,  they  could  work 
only  during  the  day  and  could  fit  in  their  melting  hours  to  suit 
the  central  station. 

I  think  there  are  also  probably  some  electrolytic  processes, 
perhaps  not  copper,  but  other  electrolytic  processes,  refining  pro¬ 
cesses,  which  can  be  absolutely  Stopped  for  a  certain  number  of 
hours,  not  run  on  light  load,  but  more  easily  stopped  entirely  for 
four  or  five  hours,  and  then  started  up  again  without  practically 
any  hindrance  at  all.  That  is  a  question  of  whether  it  will  pay 
to  stop  and  reduce  the  output  of  a  plant  to  so  much ;  whether  the 
cheaper  power  will  pay  for  the  restricting  of  their  output. 

I  think  it  would  be  well  for  electrochemists,  in  considering 
different  kinds  of  processes,  to  consider  whether  the  process 
cannot  be  so  modified,  or  practically  stopped ;  whether  the  electro¬ 
lytic  processes  cannot  be  stopped  to  fit  in  with  the  number  of 
hours  when  current  can  be  got  at  the  cheap  rate,  and  whether 
the  carborundum  furnaces  could  be  arranged  to  run  nineteen 
hours  instead  of  thirty-six  hours.  I  have  no  doubt  a  carborundum 
furnace  could  be  made  to  run  nineteen  hours  instead  of  thirty- 
six  hours,  but  under  the  conditions  as  they  exist  at  Niagara  Falls 
it  is  more  profitable  to  run  them  thirty-six  hours. 

Mr.  S.  S.  SadteEr:  You  might  have  several  carborundum 
furnaces,  some  which  you  use  for  36  hours,  and  other  smaller 
ones  for,  say,  18  hour  runs,  which  might  not  show  a  very  extra¬ 
ordinary  decrease  in  cost  of  production. 
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P.  Looking  at  this  question  from  the 

point  of  vie^v  of  dollars  and  cents,  we  have  done  a  great  deal  of 
figuring  on  continuous  processes,  taking  an  average  amount  of 
power,  and  also  on  absolutely  discontinuous  processes,  and  we 
have  conferred  with  some  central  station  men  and  have  quota¬ 
tions  for  power ;  but  we  have  not  yet  found  any  central  station 
where  we  could  apply  the  process  as  economically  as  we  could  by 
going  to  Niagara  Falls  and  securing  continuous  power. 

These  large  generating  companies  of  Niagara  Falls  are  also  ac¬ 
quainted  with  “load  factors,”  and  they  have  that  same  problem, 
to  a  very  large  extent,  in  all  of  the  stations,  and  they  have  been 
looking  for  the  same  solution  right  among  these  works  and  they 
have  not  found  it.  I  think  perhaps  there  has  been  a  good  deal 
of  dreaming  on  this  idea  of  getting  an  intermittent  load  and 
making  it  a  success.  There  has  been  a  great  deal  of  work  done 
on  it,  but  there  has  not  been  any  solution  of  it. 

As  far  as  manufacturing  processes  are  concerned,  when  it 
comes  down  to  a  thing  like  Mr.  Kohn  spoke  of,  a  small  furnace, 
it  might  be  practicable,  but  when  you  are  speaking  of  the  case 
of  thousands  of  horse-power  I  do  not  think  you  will  find  a  solution 
along  the  lines  of  the  central  station  plant. 

Mr.  Lawrence  Addicks  :  I  do  not  think  the  relative  import¬ 
ance  of  the  power  cost  in  electrochemical  industries  to  the  total 
cost  is  fully  understood.  There  is  an  impression  that  it  is  much 
the  largest  item.  Speaking  from  my  own  experience  in  the  copper 
refining  business,  the  power  runs  about  20  per  cent,  of  the  cost, 
so  that  a  10  per  cent,  saving  in  power  represents  only  2  per  cent, 
of  the  total,  and  other  factors  may  easily  out-balance  that. 
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